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I INTRODUCTION

This report presents the initial findings of a study of junior high
school students underachieving in mathematics. This study resulted from a
Conference on Mathematics Education for Below Average Achievers sponsored by
SMSG in Chicago, Illinois, on April 10 and 11, 196k, with financial support
from the Cooperative Research Branch of the U. S. Office of Education. !
Position papers were presented for discussion at the conference, and the
participants were asked to react to the papers and to the discussions.

The participants then met in four groups, each devoted to a particular area

of concermn. These areas were:

Schools in the slum areas of the great cities;
Segregated Negro schools;
Mathematics for the unemployed;

‘ Mathematics programs for students of 1ow ability.'

Recommendations of the four groups were discussed at a plenary session,
circulated to all participants for comments, and incorporated in the pub-

lished report of the conference.l

An ad hoc SMSG committee met in May of 1964 to review the recoumendation
from the conference., This committee urged SMSG to undertake certain specific
activities, one of which was the preparation of experimental materials:

"For junior high school students (and perhaps
others): Materials which relieve the students -
from the burdens of comwputation as much as

possible, by providing slide rules, books of
tables, pocket computers, etc."

The reason for this recommendation was the conjecture that wany under-
achieving junior high school students had experienced failure in elementary
school mathematics, had been forced to do extensive drill in computation;
had continued to fail, and that continued failure had led to intense dislike
and even fear of computation, and in turn, to an expectation of continued

failure.

1, School Mathematics Study Grbup, Conference on Mathematics Education
for Below Average Achievers, Stanford, 1964,




II EXPLORATORY STUDY

As e first step, an exploratory study was conducted during the
1965-66 academic year. The cooperation of & school district in Santa Clara
County, California, was obtained to permit this investigator to teach a
class of selected seventh grede students. This class was located in a

community which might be classified as a "bedroom" area, with most residents

of middle or low-middle socio-economic status.

IITI PUPIL SELECTION

For ‘purposes of seventh grade homogeneous grouning, this district, in
the spring of each year, administers the California Achievement' Tests, 3 in
reading ard arithmetic s to all sixth grade puplls. The results of these ’
tests were used as a preliminary screening instrument for “the selection of

pupils for the proposed class. '

In selecting pupils for this class, an attempt was made to eliminate
any pupil whose record indicated obvious social or ps:{rcﬁéiogic’al problems,
chronic absenteeism or truancy, or who couJ.fa present & discipline problem.
In addition, it was felt desirable that these pupils be of average inteiligence
and be working at grade level in all subjects but wathematics, in which case

they were to be one year or more below grade level.

Interviews were 6btained with the principals of the four feeder
elementary schools and, when necessaIry, with the sixth grade teachers.
cumulation folders were also inspected. As a result of this investigation,
from an original list of fifty-one poss ii)l‘e‘candidates, twenty-one pupils
were selected aﬁd programmed intojbhis special class for the school year
1965-66. “ - b |

TABLE 1
CALIFORNIA ACHTEVEMENT TEST

March, 1965. Actual Grade- Placement, 6.6

P ]

R Mesn Grade Placement Range
Arithmetic Reasoning 5456 1.8
Arithmetic Fundamentals 5467 2.2




Table 1 shows the mean grade placement of the pupils selected for the
special class to be about one year below grade level in both arithmetic
reasoning and in arithmetic fundamentals, ‘

I.Q. scores were taken from the pupils® cumulation folders. 1In most
cases, I.Q. scores were determined by the California Test of Mental Maturity.
Mean I.,Q., was 100, with a range of 55.. ’

IV PUPIL BEHAVIOR AND ATTITUDES

Initially, certain behavior and ettitude patterns were observed which
were characteristic of the pupils., Generally:

aes There was a severe lack of organization in their approach to

learning,

b, They appeared to be immature when compared to other seventh érade,

pupils.
cs Their attention span was exceptionally short,
d. Their interest span was exceptionally short.

e. Negative attitudes existed toward mathematics, and in some cases,
'toward school in general.

f. PuPlls exhibited a defeatist attitude with regard to their ability
to succeed in mathematics.

V  PARENT coimmﬁcm :

lonferences were held with the parents of nineteen of tﬁe twenty-one
pupils (the parents of two of the pupils were never able to attend), Results
of these parent conferences revealed the following:

a. Parents were unavare their child was below grade level, but all
realized their child was having difficulty in uathematics,

be There was a tendency to blame some particular grade teacher for
-~~~ their child?s deficiency.

ce Parents indlcated the end of the third grade or the beginning of
_the fourth grade as the point where most of the difficulty began.
Much of the trouble appeared to have started with the muliplica~
tion tables and was then compounded by the child®s inability to
do division,
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Remedial work with all of these pupils seemed to have been based on
drill. There was no indication that any alternative processes to any of

the standard algorisms were used.

VI  PROGRAM DEVELOPMENT

At its conception, it was agreed that the approach to the development
of this program would be a pragmatic one, in that the program would result
from the investigator?s daily experiences with this exploratory class.

Rather than predetermining the mathematical content necessary for these
pupils and then constructing a sequential program and materials accordingly,
various concepts and processes would be presented daily, and, if successful,
pursued as far as the capabilities of the pupils allowed, On,the other
hand, if the presentation of a concept of process should prove to be beyond
the students® capabilities or did not appear to be the best approach, it
would be either discarded completely or delayed until a later date. This
technique waes used in the development of most of the waterials which were

used in the study.

The regular syllabus for seventh grade mathematics in the school
dictated the mathematical topics to be attempted and a series of units was
developed and tried out during the year.

Underlying the instruction was the primary objective that these pupils
have successful computational experiences. Various tables were issued and
pupils were urged to use them. With the exception of standardized'testing,

students were allowed to use their notes and tables under all conditions.

Originally, it was the intent that computational devices other than -
tables be introduced into the classroom. But, as the program progressed,
and it became apparent that learning was taking place, it was this investi-

gatorts decision not to include these other devices.




A, Posttest

TABLE 2
CALIFORNIA ACHIEVEMENT TEST

March, 1966, Actual Grade Placement, 7.6

1965 range 1966 range GAIN

- = T —
A. R. 5056 2.1 8015 )-I-.O - 2059
A. F.| 5.67 1..9 7.02 1.8 1.35

Table 2 shows the arithmetic grade placement scores on the pretests
which were given to the students in March, prior to the exploratory period;
and on the posttest which was administered one year later. The group means
show that approximately 2.6 years were gained in Arithmetic Reasoning and
l.h“years in Arithmetic Fundamentals. In relation to their actual grade
placeﬁent; the class mean in Arithmetic Reasoning was approximately 0;6 year
above grade level and in Arithmetic Fundamentsls, now only about 0.6 year
below grade level. : ’ .

Bo 1966" 67

This investigator continued teaching this class, now-in grade eight,
- during the 1966-67 academic year,

The original class consisted of twenty-one pupils. During the summer
of l966 three pupils moved “rom the district. A fourth pupil was removed
from the class and placed in special classes. For reasons of schedulinéz
three additional pupils were placed in the class., These pnpils were not
included in any testing. | C ‘ '

C. Procedures

Procedures during the better part of the seccnd year of this study -
follOWed closely those described as being employed during the first year,

When possible, introduction of any topic included the reteaching and re-

enforcement of those concepts and precesses introduced the preVious year.

By March of l967, those topics in junior high school mathematics
normally covered by this date had been covered by this class,

P




D. Posttest - 1967

TABLE 3
CALTFORNIA ACHIEVEMENT TEST

March, 1yo7.: Actual:Grade Placement,.B8.6 .

1965 1966 GAIN 1967  GAIN = GAIN ( 2 years)
A. R. 5.7 8.3 2.6_‘ L 95 | dl,é ‘ j.~'3A.__8r o B
A. F. 5.6‘ ‘7.1‘ 105 8.8 —i "'107 ‘”“ 3‘0é' T ”."‘”:i) - z’":""‘ ‘ ’

Table 3 shows the grade placement means over the tWO-year testing
perlod.2 The group means show that for the second year of the study, l.
years were gained in Arithmetic Reasoning, for an overall gain of 3 8 years. V
In Arlthmetlc Fundamentals, gain for the second year was l.7 years ’ for an
overall gain of 3. 2 _years. In relation to the pupils' actual grade place-'
ment, the class mean in Ar:Lthmetic Reasoning shows them to 'be 0.9 year above
grade level, and in Arithmetic Fundamentals s 0.2 year above grade lew.el. .

Tt is interesting to note that the greatest gain in Arithmetic Reasoning ]
took place the first year, with a tendency to level off the second year. On
the other hand, Arithmetic Fundamentals show a consistent gain, with a ‘

tendency to-increase from one year to the next.

E., Main Study - 1966-67

The encouraging results of the pilot study in the 1965-66 academic yeer
led to a decision to try the waterial and methods developed during that year
with a larger number of classes. Ten school3 in the area south of San Fran-

cisco agreed to contrlbute one experlmental seventh grade class each,

2 The discrepancy.between the entry in Table 2 under Gain in Arithmetic
Fundamentals and that entered in Table 3 is accounted for by the four
students no longer in the study. In computing the means, Table 2°
'includes these pupils s Table 3 does not. - .

3, A list.of the participating school districts, Junior high schools,
and teachers appears in Appendix 1 on page 25 ‘

f
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and fiveh' others allowed a seventh grade class, designated as a control class,

to be tested at the beginning and end of the school year.

F. Description of the Schools

The schools participating in this seventh grade pilot study were chosen
on the basis of consistency in socio-economic setting and, for the purpose

of seventh grade placement, consistency' in testing procedures.

The ten participatlng schools are located in communities that can be
classified as "bedroom areas" of middle to low-middle class. There do exist,
within these areas, pockets of both low and high-middle class neighborhoods.
There are no areas that can be classified as slums. Selection of these
particular schools eliminated any problem which wmight stem from the b1-
lingual student.

In nine of these schools , the California Achievement Test in’ both
reading and arithmetic , 1is aduinistered to all sixth grade pupils in the
spring of each year. The results of these tests are then used by the junior
high school counselor for placement of students in the seventh grade, In
the one exception, testing takes place in the spring of the £ifth grade.

From ‘these placement tests, this investigator compiled the initial list
of possible students to participate in the pilot study.

" Ge Description of the Pupil - Pilot Classes

The criteria for selection of pupils for the pilot classes were the
same as those used in the exploratory study. Every effort was made to
eliminate any pupil with a behavioral problem..

Interviews were obtained with the elementary school principal, and if -~
necessary, with the pupilts sixth grade teacher, Cumulation folders vere
also inspected. Those pupils who deviated greatly from the- selection )
criteria were eliminated from the study. SR S

Eight of the participating schools reported results of the CAT Arithmetic
Tests in terms of grade placement in Total Arithmetic. Two schools reported

results in percentile ranking.

4, Originally, there were seven control classes, but it proved impossible
to test two of them in the spring. . )

5. See page 2 of this report.




‘ It was found that, of the 251 pupils participating initially in the
pilot study:

a. Eight classes (204 pupils) had a mean Total Arithmetic

grade placement 1.0 year below grade level,

be One class (27 pupils) had a mean Total Arithmetic score
which placed them invthe twentieth percentile.

ce One class (30 pupils) had a Total Arithmetic score which
placed them in the forty-fifth percentile. .

H. Selection of the Teacher - Pilot Classes

Selection of the teachers for the pilot classes was based on the

following criteria'

a. Three to six years teaching experience, preferably, but not

necessarily, in mathematics.

b. An ability to identify with the undenachiev1ng pupil without .
being overly sentimental.

c. A willingness to experiment with, and employ, methods of curriculum
 and instruction that might deviate radically from the accepted ’

structural presentation of seventh grade mathematics.

de A willingness to attend in-service seminars, complete required

reports, and be observed in the classroom under teaching conditions.

€. An undergraduate ma jor and minor in areas other than mathematics.

Principals of the ten participating schools were interviewed with
regard to staff members that would meet, as closely as possible, the selection
criteria. Each principal recommended one teacher he felt fit the criteria.
The philosophy, structure, goals, and requirements of the program were ]
explained by this investigator and the decision whether to participate or
not left to the discretion of the teacher. In each case, the recommended

teacher was willing to-participate~in the program.

I. Teacher Background - Pilot Classes

Background information on the participating teachers was obtained.
Although there was & wide range in many of the categories of teacher back-
ground, the following are the central tendencies in some of the more

pertinent areas,
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Most oi the teachers had been teaching six years, with a B,A. as their
highest degree, They had acquired in this time in excess of 30 academic
credits beyond the B.A. most had taken no credits in college mathematics
at the level of calculus or beyond, but had taken 4 to 6 credits in methods
of teaching mathematics. All of them had involved thepselves in other types
of preparation in mathematics. '

Only one teacher held an administrative credential. None were working
toward an administrative credential, held a counseling credential, or were

working toward a counseling credential.

Undergraduate majors are as follows: - e
a. Five in Elementary Education |

b . Three in Social Science |

Ce A One in Physical Education

d. One in Art

Undergraduate minors are as follows:
a. Three in Erglish
b. Three in Science
 Ce Two in Social Science
d. Onme in ﬁusiness

e. One in Physical Education

J. Control Classes

The pupils and teachers who acted as caontrol classes for this study
could not be chosen as selectively as those in the pilot study. This condi-
tion was due to the volunteer basis under which the control classes, and
their teachers, participated in the study.

Seven classes, in schools different from those containing the pilot

for both pupil and teacher, were explained and the choice left to the

discretion of the school?s counselor.

KX, In-Service Seminars .

During the summer of 1966, teachers of the pilot classes were provided
with the SMSG, Introduction to Secondary School Mathematics, Volumes 1 and 2,

9

classes, volunteered to act as control for this study. Selection critéria,
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and the accompanying commentaries. In addition, Studies In Mathematics,
Volume IX, A Brief Course in Mathematics for Elementary School Teachers,
was supplied each teacher, These volumes were to be used for reference

concerning any of the topics contained in the student material.

At the beginning of the school year, seminars with the teachers of the SR
pilot classes were conducted at two week intervals. As the program pro-

gressed, and problems involving distribution of material, classroom proeedures R

and other administrative details were alleviated, meetings were then limited
to once a month. Between such meetings, this experimenter contacted each
pilot teacher and acted in an advisory capacity. No contact was made with
the teachers of the control classes,

Discussions during these seminars centered on methods of presentation
of various subject matter topics and the probletﬁs encountered by individual

teachers,

L. Description of the Material

During the summer of 1966, the work sheets used in the exploratory
study were revised and extended. A total of 22 units were prepared.
Development of these units was based priwarily on ‘bhose successful experlences

encountered by the experimenter while teaching the exploratory class.

To a limited degree, each unit was developed to be independent of any
other unit., It was found that with the short attention span of these pupils,
greater participation would result if any one topic was not dweltiupon for
any great length of time. Constructing the units in this manner would then
allow the teacher greater flexibility in selecting topics that were of
interest to the pupils.

Each unit consists of a number of daily work sheets.6 The lessons on
these work sheets were constructed to be short and complete within them-
selves, with many examples for the pupil to foliow. _If, because of the
nature of the topic, a lesson required a more lengthy explanation, the lesson
was then partially prograwmed. With the attention span of these puplls being
as short as it was, this approach put the pupil quickly to work, allowed
ample time for supervised study, and required little or novhomewozjk.'

6. - Sample work sheets may be found in Appendix 2,

10




The work sheets were handed out daily and contained ample space to do
any of the required work. Work sheets were placed in a binder which, in
most cases, was kept in the classroom. There were two factors that prompted
this approach., First, because of these pupils? apparent lack of organization,
a text book became a handicap to them. Simply keepiné track of its ph&siéal
location appeared to be beyond the capabilities of most of the pupils,
Secondly, this approach seemed to produce the more positive effect of having
the pupils consider what they had accomplished, rather than projecting what
they had yet to do.

In the content of these wunits, little reference is made to any practical
application or social utilization of wathematics, It had appeared to this
investigator in the pilot study that the pupils were more highly motivated
by successful performance and by the ability to see mathematical relation-
ships fall into patterns than by being able to apply that mathematics they

were learning to some practical situation.

M, Pupil Testing Program

A battery of tests was administered at-the start of the school year to
students in both pilot and control classes, The classroom teacher administered
the tests.

Stanford Achievement Test7, Intermediate IT, form W, using Test 1,
Arithmetic Computation, and Test 3, Arithmetic Applications, was used as
the standardized pretest. In addition, SMSG constructed tests on attitude
(Opinion Inventory, form SC) and achievement (Mathematics Inventory, form SC)
were administered,

The following information was also gathered: sex, I.Q. of each student,
the number of days absent during the school year, and a reading score
(experimental students only). The number of units covered in each class

was also recorded.

Brief evaluations and comments were requested from the ten experimental

teachers and obtained from them. These appear in Appendix 3.

T. The entries in all tables under Stanford Achievement Test are reported
in terms of grade placement. All entries in the SMSG tables are raw
scores,

8. These tests, which are described in Appendix-4, will be reproduced in
an SMSG technical report early in 1968.

11
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For posttesting purposes, Stanford Achievement Test, Intermediate II,
form X, was administered at the end of April. At the end of May, the SMSG

tests were re-administered.

VII ANALYSIS F THE 1966-67 DATA

Statistics on the fall tests are shown in Appendix 5 for each of the ten

experimental classes and five control classes. Inspection of these tables |

does not indicaete any major differences between classes. Because of the
small number of classes involved, all the students in the experimental’
classes were pooled into one group and those in thg controlrclasses into a

second group for all the statistical analyses which follow. e T

Mean scores for these two groups on the initial measures appear in
Appendix 6. The mean number of units covered during the year and the mean

number of days absent are also recorded. P . .

None of the differences between the two groups ﬁeré'signifiéant at the
.05 level except for ATT 3 and units covered, for both of which the dif-
ference is significant at the .01 level, The calculations are shown in

Appendix Te
A, Gains on the Stanford Achievement Test Scales

Table ' shows the mean scores for both groups for the spring and the
fal1l administration of the two SAT scales.. -




TABLE 4

Experimental Group

-

" PAIL AND SPRING SCORES - SAT SCATES

Fall .  Spring
Mean S. D. Mean S. ;'u'.‘ 1 cain
Comp. 16,11 |10.18 | 58.07 | 1354 1 11.96
~ Appl. 53.82 | 13.27 58.99 | 13.h: 5.1T
Control Gropp
Fall Spring
Mean S. Do | Mean S. D. I Gain
Comp. 46,49 9.83 63.87 13,66 - 1 17.38-
. Appl. - |sh.63 |1u73 - | 6192 | 13a77 | <29 -

It will be observed that both groups made substantial gains on both
scales, W1th the control group making greater gains than the experimental

group.

It was surmised that the posttest scores would depend not only on the
pretest scores but also on I.Q., the number of days absent, and the number
of units covered, «.nd hence that it would be appropriate to. adjnst the
Analysis OL co-
For this, regression equations of the

posttest scores for 4ifferences in the pretest scores.
variance was therefore attempted.
posttest scores were ‘computed for the tWo groups separately for both the

-

% In writing the computational program for the analysis of the data, the .

SAT scale scores were multiplied by 10. Recall that these ‘scores

indicatergrade.placement.

13




Computation and Application scales. For both scales the regression planes

turned out to be significantly' non-parallel, at the Ol level for Computation -

and at the .05 level for Application. The. calculations are shown in
Appendix 8. This meant, of course, +that analysis of covariance was not
appropriate, More important, it meant that the experimental and control
programs were significantly different and that the amount of learning in
one program depended on the. initial conditions in a different way from that

in the: other progra.m.

<
i 1 ’

B. Gains on the SMSG Scales '

'I'able 5 shows the mean scores, for both groups, for the spring and the
£511 administrations of the five SMSG scales,

TABLE 5
FALL AND SPRING SCORES - SMSC SCALES

Experimental Gr‘ro\_lp

- P
) Mean ' ) éain
ase -1 | 2.07 _1.06
SMSG -2 | 3.0 - 1,02
SMSG - 3 1.71 0.68
SMSG - b 3.60 1.i3
sMSG -5 | 0.73 ~ o.3o::
Control Group
Fall N Spring
Mean |~ 8. D. Mean s. Ds | Gain -
 owsg -1 | 2.08 b | eas | aq0 0.07
SMSG -2 | 3.0 . 2,05 3.8 2.28 | 043
SMSG - 3 1.75 1.41 2,67 _1.89 - o;ué S
oMsg - | 356 | 1,70 b8 | omr 105
SMSG = 5 0.71 0.85 1,09 | 0.97 | 0.38




In all but one case, there were substantial géinsffrod.fall to spring o

for both groups. .Analysis of covariance was again attempted in order to
compare the gains of the two groups. Regressions of the posttest scores

on the pretest scores and on I.Q., Units Covered, ‘Q‘and Days Absent were
computed, In no case did the regression planes for the two groups sig-
nificantly differ from parallelism, Analysis of covariance was therefore
carried out and indicated tha.t the experimentai grouﬁs had a significantly
. greater (p < +05) gain on scales 1, 2, and 4k, The .differences on scales

3 and 5 vere not significant, Teble 6 shows the adjusted means for the two

; “groups .“;” ‘The"computationq are shown in Appendix 9. -3
f - i. ! Sl : vl Ty ' \ E ’ . ‘ - . P ‘ *
— - ,‘: P _; TABLE 6 - - “__:’.w P Ty

i C " ADJUSTED MEANS - SMSG SCAIES ' .
. Ebcperiﬁéntal Contxol ey

SMSG - 1 3,22 - . 2.3
SMSG = 2 4,55 3.53 .
T ese =3 7 2.53 S - N A :
foamseiox | . seo n o o] Tasw |
JSMSG = 5.1: ¢ © 1,08 « _ . 0.98 )
15
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¢, Changes on the Attitude Scales

Tgble T shows the mean scores, for both groups, for the spring.and fall
administrations of the attitude scales. Cny Lo ’

- . - TARLE T NN ‘- T el ‘L‘ «.,5:,,.*_.‘

FALL AND SPRING ATTITUDE SCALE SCORES

P

. Experimental Group . ' Control Gro%m

Fall | Spring | Change £ || 'Fa11 | Spring | Change 4

arr2 | 13,17 | w07 | 0.90 | 255 || 23.09 | 13.19 | 0,30 " |-0.17

ATT 3 33.56 | 33.72 0.16 0.45 31.76 | 32.47 0.71 0.68

%

ATT L4 2&,68 27.78;_ 3,10 | 5.73- |- 24.31 | 25.78 147 1.52

arr 5 | 35.51 | 30.22 | -5.29 | -8.49" || 3u.48 | 31.18 |-3.30 3.5

APT 6 | 2,77 | 2451 [ -0.26 -o.5”2'f"> 2,68 | 2,78 'ao“;.lf)"’-: 0.13

AT 7 | 29.79 | 26.99 |-2.80 | -b.68" || 28.99 [26.7h [-2.85 IRy

P e T

ATT 8 .27.85‘ 31,6& | 3.79 6.51*9\e 28.53' 29.13 -9.60” " 0,40

\;"?‘; ~

The larger number of significant changes for the expezu'imentAal gmup
iz another indication that the experimental program does in fact differ,
in its effects on students, from the standard program for low achieving

seventh grade students,

S 10. Two talled +t for correlated data.
. *Significant at the .05 level,
*¥g4gnificant at the .OL level,
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D. Reading

- Since reeding ability is one of the Pactors often taken into account
in assigning students to ability groups or special programs in mathematics,
and since. reading scores had been obtained for the experimental students in
this study, an anaiysis of the relationship of reading ability to nathematics
e,chietement was undertaken, - . PR : SO

For each of ‘the five scales s SAT Computation, SAT Applicaticin, SMSG-1, -
SMSG-2, and SMSG-}4, the regression of the posttest score on all the pretest -
measures and on Units Covered and Days Absent was cowputed by means of"al
stepwise procedure., This procedure first selects that independent variable -
 which best predicts the posttest score in the sense of eecdunting for the |
largest part of the variance of the posttest score. . The procedure next
selects that one of the remaining independent variables which accounts for
the largest part of the remalning variance after the effect of the first
independent variable has been partialled .out, and so on, until none of the
remaining variables accounts fo;' any s}gnifieant amount of the remaining

variances. ‘

Y

The results are shown in Appendix 10, which summarlzes s for each of the
five posttest scales, the order in which the dependent variables were chosen
and, in column 5, the additional amount of variance accounted for at each

step.

These sumaries .indicate that, when other variables are taken into

account, reading accounts for a relatively small part of the ‘total variance,

VIII DISCUSSION

Appendix 6 shows the mean grade placement of the pupils in the Experimen-
tal group to be 2.5 years below grade level in Computation and 1.7 years below
grade level in Applications. These are substantially lower means than one
would predict considering that the CAT tests, administered the previous
spring, showed these pupils to be 1.0 years below grade level in Total
Arithmetic, }

Tn that the CAT tests were administered in the spring, whereas the SAT
tests were administered the following September, regression over thg smiger
could account for some of this difference. ‘Also, the two tests may test
different aptitudes. |

From the viewpoint of the teacner though, the SAT tests came closer to
indicating the actual methematical performance level cf the pupils in the

17
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Experimental group. That is, the teachers felt that initially, the “pupils
in the Experimental group had mathematical skills ¢ Jser to those . expected
of a fourth grade pupil.. ’ :

It appears then, that teacher interpretation of standardized test scores
can be an important factor when working with- underacliieving pupils. ' If, on -
standardized tests, discrepancies do exist that are d@s great as is ‘indicated,

is.in ditself could be ar contributing factor to further underachievement,
ror, based on test.scores, it would be possible to group pupils and place
them in-clesses where the curricula being taught was far in advance of the .

achievement level of the pupils. .. .. L : o e

PP a e e

As can be seen in Appendix 6, the study started with rather tightly group-
ed classes of pupils. As thé year progressed, the range in the pupils' compu- )
tational skills began to spread. It appears “that ‘no provisions were made %0 "
meet the needs cf those pupils “who advanced moré rapidly, and as a Tesult the
material used by the Experimental group maey have limited the achlevement
potential of the more rapidly gdvadeing pupils® - 0 e T i

Figure 1, below, shows the regression (prediction) lines for both groups

- . using pre-computation &s'a predictor ‘'of “post-computation.

Figure,l,, o

. S ... Grade . .8k

K. & Placement
g o at Grade .
( o 7.8 [ e
S 6 | 6.0

5 |- 53 ‘

| | T D B
k5 6 T ,.8

(}radel Plapemgnt at Grade 7.1l

\~';‘
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The slope of the regression line for the Experimental group is .92,
which indicates that gain in computation was nearly constant regardles's of
the computational skills of the pupil at the beginning of the prcgram., This
. , consistency‘in_gain across a wide range of initial computational skills

e seeningly supporte the con,jecture"th'at the material used by the Experimental

group may have had & limiting effect on the more rapidly advancing pupil.

S 0f particular interest is the point of intersection of the two regression
E ST lines, This point of intersection is at about 6. O on the 7 1 grade pla.cement
axis, In terms of computational skills, this suggests that if a pupil is
about 1 year below grade level, or above, his progress will be greater under
the Experimental Program, If, on the other hand he is more than 1 year
below grade level, progress 1n computation will be greauer under a normal '
progrem., But, as is suggested by the result of the attitude scales, the

methods generally employed to attain gain in computational skills under a
normal prog'r'am may be detrimental to the acquisition of positive attitudes

- tovard wathematics in genera'L. ‘ - o

A

Because of the uaderachiever's short interest and attention span, the

3 : i k material for the program was designed so that each wnit would be short and,
Lo to a limited degree, :Lndependent of the preceding unit,. ‘I'his approach Would

allow for greater flexibility in the teaching of these pupils. Also, the
spiraling of the content throughout the units permitted moving on to a new
concept before the first one was mastered. _Gains made by the pupils in the
l‘:xperimental group 1ndicate that this approach will work as successfu'l.ly as
programs where emphasis 1s placed on a rigid seque ‘al approach.

'I‘here is a second st atistic that can be interpreted as supporting, to )
a degree, the independence cf topics in elementary school mathematics. ' A
careful check was made on the attendance of the pupils in both the Experi-
mental and Control groups. Approximately 13 percent (n = O\ of the pu'oils
in the Experimental group were absent 16 or more class periods for a mean
absence of 21,7 class periods. This is about 11 percerrt of the actual
3 , teaching time, Approximately 10 percent (n = 12) of the pupils in the
’ 7 :"» ' Control group were absent 16 or more class periods for a wmean absence of

- . 21,6 class periods.

_ . In scanning the abbreviated table below, it is apparent that the within
*,: o group differences between the absentees and the non-absentees are not meaning-
' ful., In other words, those pupils that were absent so frequently experienced
gain equivalent to those pupils who were'more consistently in attendance,

e S . -
M 4 . ‘
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\BSENTEES vs NON-ABSENTEES '

Mean Gain . - Mean Gain

Computation Applications
-Experimental Non-Absentees l.1 . , Ouk-
.Experimental Absentees 1.2 .. -0.3
1 Control Non-Absentees 1.8 ‘ 0.7

Control Absentees R ' ‘ 2.l ’ 0.51

These figures also suggest that chronic absenteeism way not impede the
learning processes 1n elementary school mathematics to as great a degree as

is generally believed.

.An atteupt was made, in the organization and e)mosition of the material
jn this program, to eliminate as much as poss1ble complete reliance on the _
teacher for any success the program might have. That is, the function of
the teacher was to be less that of the "lecturer or "pedagogue” and more v
thet of the "demonstrator”, "Eutor™ , and "supemsor with little emphssis on

complaisant observation and much emphasn.s on active pupil participation.

W1th1n the Experlmental group changes Wthh took place were fairly
constant across classes w1th relatively little variation. The same d1d not ’
hold true for the Control group. There was little cons1stency and a great
deal of variation between classes. This suggests that w:Lth the Control
group, changes that occured were more closely associated w1th teacher in-;
fluence, whereas with the Experimental group, chang_s were more closely

F—

related o the mfluence of the entire program.

Table 6 shows the ga1ns made by both groups on the five SMSG Mathema+ics
Inventory scales. It shows that the Control group made no significant gain
on scale SMSG-1, which is composed of such bas1c properties as commutativity,
associativity, distributivity, and inverse elements with respect to addition
and multiplication of whole numbers. On the other hand significant ga1n
wes made on the scale SMSG-4, which is composed of iteus involving either the

notation of whole numbers or operations on them, ThlS suggests that w1th

11. The complete table may be found in Appendix 11 on page llh.
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the pupils in the Control classes, emphasis was placed on drill involving
operations with whole numbers, with little ewphasis on the understanding of

basic structure,

As indicated in Table T, the Experimental' group experienced signifi-
cantly higher adjusted gains on scales SMSG-1 (Whole Number Structure), -
SMSG-2 (Open Sentences -~ Operations), and SMSG-k (Whole Numbers-1)., This
implies that, for the underachieving pupil, material that concentrates on
mathematical structures, ,concepté , and relationships will do more to over--
come the pupils® deficits in these areas than the standard remedial treatment
of concentrating on drill. ’

Table 8 shows the mean scores, for both groups, for the spring and fall
adminn.stratlons of the attitude scales. In scamning this table, what is
immediately apparent is that the pupils in the experimental group showed
significant change on three scales which the Control group did not. Further-
more, on the two scales where both groups showed change, the Expermental
group shoved greater change than did ‘the Control group. ‘

Scale ATT 2 refelcts the pleasure or boredom a pupil experlences with
regard to mgthematlcs both in an absolute sense and comparatively with other
subjects. The mean score on the pretest indicates that at the start of the
program,- pupils in the Experimental group did not know whether, for then,
mathematics was fun or dull., The mean score on the posttest indicates that
this noncommittal feeling had shifted closer to that of agreement, that

mathematics was more pleasurable,

Scale ATT 4 reflects the ease or difficulty which a pupil associates
with mathematics performance. Interpretation of these means indicates
that, at the start of the program, the pupils more closely associated
performance in mathematics with being difficulte Posttest means show a -

shift toward associating mathematics performance with being easy.

Scale ATT 5 reflects how & child wishes he were in his relationship to '
mathematics., The pretest mean on this scale indicates that at the start of
the program there existed a strong desire, on the part of the pupils, to
have a wore positive relationship to mathematics, The posttest mean is
significently lower than at the start of the program. There are two inter-
pretations that could account fur this change. First, because the
Experimental program was designed so that pupils would have successful
experiences, it is possible that what initially was a desire on the pupils®
part, ultimately became a reality. This would have the effect of producing
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& lower wean on the posttes’, Secondly, it is also possible that the

mathematical experience encountered by the pupils was such that they:

acquired a more realistic view of themselves and their relationship’to
mathematics. This could have the effect of lowering their ideals and,
consequently, their performance on this scale. '

Scale ATT 7 reflects the degree to which a pupil?!s mathematics perform-
ance is harmed by stressful conditions (e.g., examinatior_ls). The substantial
difference between pretest and posttest suggests that the program has had the
effect of relieving the pupils of some of the stressful conditions wh ch, in
the past, wmay have harmed their mathematical performnce.

Scale ATT 8 reflects how & child sees himself in relation to mathematics.
The mean pretest and posttest scores seem to indicate, that with the
Experimental group, the program has had the effect of strengthening the
pupils?® actual self-concép’c of their ability to function ‘mathematiéally

As prev:.ously :ceporbed in descrn.bing the Exploratory study, little
reference was made to any practica.l application or social utilization of
the mwathematical content of the pilot material., Pupils appeared to be more
highly motivated by successful performance and by the ability to see mathe-
matical relationships fall into patterns than by being able to apply that
wathematics they were learning to some practical situation. On the other
hand, the texts used by the pupils in the Control classes were laden with
problem sets constructed to implement the content in a practicalA sense, The
significant changes in attitude experienced by the Experimental group but
not by the Control group suggest that the approach used in the Experimental
material does more to motivate the underachieving pupil than the generally
recoumended approach of practical application,

That the Experimental group showed significant change on the three
attitude scales ATT 2 (Math Fun vs Dull), ATT 4 (Math Easy vs Hard), and
ATT 8 (Actual Math Self-Concept), whereas the Control group did not, indi-
cates that the program developed for these underachieving pupils may possess
certain qualities that bring about positive attitude change with respect to
mathematics that does not occur when the underachiever is taught by the more

traditional approach with the more conventional waterials.

It would be reasonable to conclude that the first year of the Experi-
mental study has resulted in successful mathematical growth for the
participating pupils. In addition, the indications are that attitude changes
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toward mathematics have been invoked that will abet future growth,

The drawing of conclusions though, with respect to the success of the
program, must be tempered. Although the program was developed to meet the
wathematical need of the underachieving pupil, various factors such as
choice of the teacher, teacher enthusiasm, teaching techniciues , student
selection, class size, consent of the material, use of tables and notes, and
the uniqueness in which the material was handled make it difficult, if not.

impossible, to determine any single cause for successful performance.

The program is continuing with the same classes in the 1967-1968
school year, Materials were written during the summer of 1967 based on the

experiences encountered with the pupils during the second year of the
Exploratory study.

In September, pupils in each class were randomly separated into two
groups and re-tested, One group was tested using the SAT Intermediate II
tests and the other group was tested using the SAT Advanced tests, This
procedure will reveal the amount of regression which takes place over the

summer., In addition, using the Advanced tests will allow comparisons to

be made which should indicate whether the pupils have advanced far enough
wathematically that an advanced test can be used as an indicator of their

achievement level.

Pupils will be posttested in the spring using whichever of the two .
SAT tests are deemed most applicable. Pupils will also be posttested using
the.SMSG Attitude and Mathematics Inventories,

» <7 Information on what mathematics courses these pupils take in their

¥ Lttt T it Ll St S i

freshman high school year will be collected, It is also planned to record
the grades these pupils earn during this freshman yeax,

In-service seminars for the participating teachers of the Experimental
classes are continuing. Eumphasis will be placed on content, methods, and

means of enabling the pupil +to make the transition back to more normal

classroom procedures.

s
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APPENDIX 1

PARTICTPATING SCHOOL DISTRICTS, SCHOOLS, AND TEACHERS
Experimental Group -

CUPERTINO UNION SCHOOL DISTRICT

Collins. Sphool--r-_-Mr._ R. Sturtevant . _ L s
Hyde School==-------Mr. dJ. Fullerton
Miller School=---= -Mrs. A, Bixby

MORELAND SCHOOL DISTRICT

Rogers Junior High School----- Mr, D. Hallstrom

SUNNYVALE ELFMENTARY SCHOOL DISTRICT

Mango Junior High School-=--- Mrs. S. Webb

SANTA CLARA UNIFIED SCHOOL DISTRICT

Juan Cabrillo School-=--- Mr. H. Neufeld

FREMONT UNIFIED SCHOOL DISTRICT

Hopkins School----= . E, MacArthur
Walters School----- . R. Masuda

SANTA CRUZ ELEMENTARY SCHOOL DISTRICT

Mission Hill Junior High School-=-== . Do Herman

10S CATOS ELEMENTARY SCHOOL DISTRICT

R. Je Fisher School==-=-- Mr. Je Forbier




APPENDIX 2

This appendix contains a table of contents which outlines the material
covered by the pupils in the Experimental group. In addition, samples of

P

work sheets and tables have been included. _ R S

Work sheet 3-4 is typical of those constructed for use in the program.
After a short presentation by the instructor, work sheets, which duplicate
the instructor's presentation, are distributed and pupils put quickly to
work. Notice that effort has been made to encourage careful reading of the
lesson by inserting questions and providing space for answers throughout.
the exposition of the lesson., - S _— Y - ‘

Frequently, because of the nature of the topic, a lesson required a
more lengthy presentation. When this was the case, an attempt was made_to .
partially program the lesson. Work sheets 1211 and 12:la4,whiph constitute. .
one day'’s lesgon, are examples of this type of presentation.

An example of the review exercises, vhich are at the énd-of.each unmit) .
is found in work sheet 10-9. e -
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Bult
MULPIPLICATION BY 10, 100, 1000, e-°

Look at the multiplication problems below.

a. 1+ 10 =10 ' d. 100 . 100 = 10,000

b, 10 « 10 = 100 e, 100 . 1,000 = 100,000

c. 10 ¢ 100 = 1000 £f. 1,000 « 1,000 = 1,000,000

In problem (¢), 10 » 100 = 1,000, how many zeros are there
in the numeral 10? ans. How many zeros are there in the
numeral 100? ans. How many zeros are there in the numeral
1,000? ans. ' ' A

In problem (e), 100 1,000.= 100,000 :, how many zeros
are there in the numeral 1007 ans. How mary zeros are
the in the numeral 1,0007 ans._ How many zeros are there
in the numeral 100,000? ans.

Do you see any connection between the total number of zeros
in the 2 numbers you are multiplying and the number of zeros in
the answer? ans. Are they the same? ans.

Jee if you can finish this statement:

If 1, followed by x number of zeros (x is any whole number) is
multiplied by 1, followed by y number of zeros (y is any whole
pumber), then the answer to this multiplication will be 1,
followed by + number of zeros.

Fill in the blanks in the problems belovw.

1. 10 + 10 = 4. 100,000 ¢ 10 =
2. 100 10,000 = 5. 1,000 « 10,000 =
3, 10,000 10,000 = 6. 1 ¢ 1=

1£,10 « 100 = 1,000 , then 1,000 = 10 « 100 , but it is also true
" that 1,000 = 10 + 10 + 10 , and
that 1,000 = 1 - 1,000
Fill in the blanks in the problems below. Problem 8 is done for you.

7. 10 = ___°___

8. 100 = 10 <10 = _1 -100

9, 10,000 = . a . - . . = « e e
10. Express 100,000 as three different multiplication problems.
Consider 1 « 100,000 and 100,000 + 1 as the same problem.
a. '
be. -
Ce
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3=5
PRODUCT EXPRESSIONS AND FACTORS

Yesterday you learned an easy way to multiply numbers like
10, 100, 1,000, <+« by numbers like 10, 100, 1,000, ¢+« . For
example, you learned that to multiply 1,000 by 10,000, all that
was necessary ‘was to total the number of zeres in 1,000 (3) and
the number of zeros in 10,000, (4), and that the total, (7),
would be the number of zeros that followed the 1 in the gnswer.
That is: I:ggg‘- leiggp = 10,03?,000

3 zeros 4 zeros 7 zeros

There are names, that in order to make talking gnd writing
about multiplication problems easier, you should be familar withe.
o Product expression FProduct
1,000 - 10;033 = 10,000,000
”
Fattors
Product expression  Product.
r—w—\
10 « 10 - 10 = 1,003
7
Factors

Now you should be ready to make another discovery about
numbers like 10, 100, 1,000, ¢+ . Look at the problems below.

a. 10 = 10

b. 100 = 10 « 10

c. 1,000 = 10 « 10 « 10

d. 10,000 = 10 « 10 «+ 10 + 10

e. 100,000 = 10 « 10 « 10 + 10 - 10

£, 1,000,000 = 10 « 10 « 10 + 10 + 10 + 10

In the problem 1,000 = 10 « 10 - 10 , how many zeros are
there in the product 1,000? ans.____._ How many factors are
ther in the product expression? ans,

In the problem 100,000 = 10 « 10 « 10 + 10 « 10 , how
many factors are there in the product‘g;pgggg;gn? ans.

How many zeros are there in the product 100,000? ans.

Do you see any connection between the number of zeros that
follow the 1 in the product and the number of factors in the
product expression? ans. Are the number of factors in
the product expression the same as the nunber of zercs that
follow the 1 in the product? ans.

(Go on to next page.)
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Fill in the blank spaces. _
1., If there are 5 factors of only 103 in a product ;pgegaion,

then there will be zeros following the 1 in the product.
2. If there are 13 zeros following a 1 in a product, then there -

will be factors of 10 in the product expressiop. 4 ffx“mﬂ‘,§
Express the rollow1ng products as product ;pressionn whose : ;
factors are all 10-.

Example: 1,000 = 10 - 10 « 10

3, 10,000 =
4, 100 =
5, 10,000,000 =
6. 100,000 =
7. 10,000,000,000,000 =

Without multiplying, find the product of the following p;ggggg
expressions. Example: 10 - 10 = 100

8 10+ 10 - 10 - 10 =

9 10 . 10 - 10 =
10, 1010 - 120 - 10 - 10 - 10 =

Change the product expregsiong to product expressions of lg&jog;z
and then find the product.

Example: 100 1,000 =(10 . 10) - (10 - 10 « 10) = 100,000 -

11. 100 . 10,000 =
12, 1,000 « 1,000 =
13, 10,000 - 10,000 =
14, 100,000 « 100,000 =

BRAINBUSTER, Without finding the products, how can you show
that 10,000 « 100,000 = 1,000 « 1,000,000 ?
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3«6
REPEATED FACTORS and EXPONENTS

You have learned that a numeral like 10,000 can be expressed
as a product expression that are repeated factors of 10. TFor
example, 10,000 = 10 » 10 « 10 - 10 . Is there a short way to
write 10 - 10 « 10 « 10 ? ‘

Vathematicians have agreed that a short way to write
10 - 10 - 10 + 10 is 10% This new symbol is read, ten to the
fourth powsr . Then 10-+ 10 could be written 10%, 10 + 10 « 10
could be written 103 for that matter, any expression of repeated
factors can be written this short way.

2.2.2.23 | 6.6.6=6
3.3 =3° - hotosonast v/
5050505:5 ) 909090909.90939‘

These new names are called exponent forms. When we write
10 = 10 » 10 - 10 + 10 =.10,000, the "4" is called the exponent,
Phe “10" is called the base. Study the diagram below.

Exponent Product Expression
104 - 10; 10 - 10 « 10 = 10,000 —<——Froduct

\

Baae Factors

The exponent tells how m any_times to_use the base as & factor.
Factors are to be mgltigligd

1. TWrite each of the following in a chort form.

Example: 3 * 3 3 ¢ 3 = iﬁ Notice that the first
Example: 3 + 3 +3 + 3 =%+ 3 exanple is multlpllcation,

the second, addition.
a, 2+2+2#+2= . ‘
b 10 + 10 + 10 =_
G 646 +6+6+6=
dee 22 ¢ 2 2=
€. 10« 10 ¢« 10 =
f.. 6 ¢ 6 ¢ 6 ¢ 6 6=
Be 4 « 4 ¢« 4 =
.he- 22 ¢ 2=
33 036363 3a_____

i,

(Go on to next page.)
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2, Write these to show their meaning. ,

Example: 27 = 242+ 22 ¢ 2

| a. 4«
| be 3" =
Ce. 52 =
a. 22 e
€. 45 = :
I A -
g, 10% =, ,
3, Find the value of each of the folléwing expressidns.
Example: 4 ¢ 3 =_12 Notice: & °¢ﬁ . % = 64_
Example: 4 o 4 o 4 o 4 = 64 Q\é;’,4
a. 34 = ] e, 2+ 3 =
be 52w - £ 2 -
co 5% m____ g 32 .
Qe 22 - . h. 3.2= | ;
4. Write each of the following in a shorter manner. :
Example: ten to the second power: ~~_;QE_ \ - ;
Example: ten times two . 10 . 2 “ B 4
a. five to the fourth power f
b. - two to the third power :
¢c. two times three’ )
d. three to the tenth power I :
e. one to the tenth power ' -
f. ten to ‘the first power
5. Complete the table below, -
[Eorer | ZEroduct Expresaion. —Eroduct.. 3
, 105 110120 .10 - 1010 - 10 ! 1,000,000 -
kmrb:— ‘ *
10 A
| T 5
107
10" - 3

6. BRAINBUSTER. 'Do you see any relationship between the exponent
for the base 10" and the number of zeros in the product?

What is the relationship?

36
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REGROUPIXG IN SUBTRACTION

Although all of you know how to subtract, it will be workh-
while for us to review the processes involved in this operation.
Consider the problem 68 - 49 = 18,

68 = 6 tens + 8 omes

49 = 4 tens + 9 omes

Looking ahead, you can see that (8-9) cannot be computed
with whole numbers. Therefore it will be necessary to regroup
( “borrow ") the 6 tens. Regrouping, the problem will look
like this. '

or 2NN
68 = 6 tens + 8 ones = 5 tens + 18 ones Now you can complete
-49 = 4 tens + 9 ones = 4 tens + 9 -cnes the subtraction.
9= - = 1 ten + 9 ones ) ‘

Do the following subtractions as is done in the example
above, Do not use the numerals 1, 10, 100, :-+ 4 but write
out these numerals in words as is done in the example.

i. 53
=36

6. 3,456

k

37
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SUBTRACTION: EXPANDED FORM

The example below shows the subtraction 68 - 49 using
expanded form. Study it carefully.

Séep 1. 68 and 49 are written in expanded form -

68 = 60 + 8
49340+9

Step 2. Looking ahead we see that (8—9) cannot be computed
’ with whole numbers. Therefore we regroun 68 as

e

'50 + 18. o
68-50
‘ 49 = 40 ¢ 9 _
Step 3. Kow we are ready to subtract 9 from 18 and 40 Iron
50. ‘
68 = 50 +.18 B
4:93404»9‘
19 = 10+ 9

Do the following subtraction problems as is done in the
example. 3Show all the regrouping. ‘
l, 58

29

2. 73
3. 125

4, 452

5. 503

6, 3,532
1.8

38




63
‘SUBTRACTION: SHORT FORM

Study carefully the forms of subtraction below and see if
this doesn’t explain the "porrowing" you do in subtraction.

Short Forp - | E_xzsgg.eg_!_om
w2 . 342 = 300 + 40 + 2
—=187 o -187 = 100 + 80 + 7
3, : S
242 (2=7) cannot be computed L 342 = 300 .4+ 30 4+ 12 -

; with whole numbers, so we re- ;] ) N
=18 -8 roup the tena. ’ - =187 '§“90’* 80+ 7

g S - - - - ’ )

2 (3-8) cannot be computed with 342 = 200 + 130 -+ 12

Sy gm0 SR g lo0s 00 7

35 Now subtract. 342 = 200 + 130 + 12
=18 ~ - -187 = 100 + 80 § .7
1 S 155-Alook+ 50 +5

Do the following subtractlon probloms using the short form.

1. 246 2, 926 3. 964 4, 40

139 284 .. 7222 ~ 13
50 2 9 l 3 6.147 6‘6 ‘ 70 9 4 9 - éo 3_0 0
9. 2003 10. 6040

39




o2
MULTIPLICATION

Now that you know how to multiply, easily, problems like
10 » 5, 32 ¢ 100, ¢+« 5 and also know that 50 = 5 « 10,
3200 = 32 - 100, etc., leth see if you can make another dxscovery
about multibiicatlon. Look at the following multiplication
problem then answer the questions that follow.

30 « 70 = 2100

1. Does 30 = 3 « 10 ? ans.

2, Does 70 = 7 - 10 ? ans.. .

3, Then does 30 - 70 = (3. 10) -« (7 . 10) ? ans._____

4, Does it make ary difference in the answer (product) the way
we arrange the factors to be multiplled° That is, does

. 2+3+5a35427 ans. :

S, Then does 30 « 70 = (3 . 16) - (7 . 10) = 3 e 7 «10 107
ans.

6. 307 =___

7., 10 « 10 = ___ ‘ ' «

8. Then does 30 « 70 = (3 + 7) » (10 » 10) = 21 - 100 ? ans._.

9. Then the product of 30 « 70 = 21 . 100 =

Do the exergise below and on the next page Just as it is
done in the examples. Do_not leave out any steps. '

Examples: n = 20 « 30 n = 300 . 50 -
n=(2.10) ¢« (3 ¢ 10) n= (3. 100) « (5 10)
n=2¢3%+10 ¢« 10 n=3.¢5.100 . 10
n=56. 100 n =15 « 1000
n = 600 n = 15,000

10, = 30 o 40

11. = 20 - 800

B BBB BBBBDB
L

(3o on to next page.)
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7-3

MULTIPLICATlON o
Tet us see if you have arrived at the quick and easy method

of multiplying numbers that end in zeros. Look at the problem

below, then answer the questions. :

3,000 « 700 =.2,100,000

1. How many zeros are there in the numeral 3,000 ? " ans. |
2. How many zeros are there in the numeral 700 ? ans._

3, How many zeros asltogether ? ans.
4, How many zeros are there in the product 2, 100 000 ? ans.

5. - Do you see any connection? ans.

Now look at the example againe.

% zeros 2 zeros (3 + 2) .zeros -

®
3,/000 + 700 = 2,100,C00
- (3.7)

Study the following exanples.
400 e 700 =« (4 ¢ 7) followed by 4 zeros = 280000

. 30 = (6 « 3) followed by 2 zeros = 1800
8000 . 9000 = (8 « 9) followed by 6 zeros = 72000000

Complete the exercise below using the ideas from the examples
above. Use your multiplicati~u tables if you need t0. -

6e 30 ¢« 500 =
7, 500 « 70 =
8, 300 . 9,000 =

9. 8,000 « 9 =_.___
10. 600 + 900 =
11. 80 . 7,000 =
12, 700 + 700 =_
13, 40 . 9,000 =
14, 9,000 . 9,000 =:
15, 4,000 « 700 =

42




9-10
LEA3T COMMON MULTIPLE-SHORT METHOD

Suppose you were asked to find the least commén multiple
of 7, 8, and 9. If you were to use the method you:ha?é been -
using the last few days you would find this to be a very long
and difficrlt problem. The least common mnltiple of 7, 8, and
e 9 is 504, You would have to list 72 counting numbers that were
‘iayl'f multiples of 7§ 63 counting numbers that were ﬁhltibleé”&? 83
I and 56 counting pumbers that were multiples of 9, ‘before you
came to the Tirst common multiple. This would take ‘a long time.

Let us see if we can find an easier and quicker method of
finding the least common multiple of a set ‘of nnmbers, for ex-
ample 8 and 12+ : - : C : -

%L:;f'l Consider the following:

. Does 8 = 2 - 2« 22 anse___

o Does 12 = 2 « 2 « 3 7 ans,
o Now, let us consider the product expression for 12, that is-

2 2+ 3

Is 2 « 2 « 3 divisible by 12? ans.
- Is 2 - 2 « 3 divisible by 8? ans. 7 -
,x,%fiu;; In the product expression 2 + 2 + 3 , what other factor is
L needed so that it is divisible by 87 ans.
'héxi;:;gi Suppose we take the product expression 2 - 2« 3 and place*in '
) it snother factor of 2. Then the product expression will look
like this: -

: 2.2.2+.3
}ﬁ%;f{i" Now, consider the following:

& SR ’ .

;f'?g**ﬁ 12 will divide 2 « (2 « 2 « 3) because the product expression
k. L within the parentheses is another name for 12.
3 8 will divide (2 + 2 + 2) « 3 because the product expression
b within the parentheses is another name for 8. Therefore, the
E least common multiple of 8 and 12 is8 2 «+ 2 « 2 + 3 = 24

3‘ﬂJ - (go on to next page.)

b3




PN AN
G

Ao PETECRIL A Lanet
A by e E T SANe e, b
2 8 s

9-10a
Exercises. Find the least common multiple of each of the
following sets of numbers. Use the short method. A
Example. Find the least common multiple of 9 and 15.

I=3+3 Consider 3 « 5

15=3+5

3 « 5 is divisible by 15 because 3 - 5 is another
name for 15. ,

3+ 5dcr.  vizible by 9. To be divisible by 9,
the product .pression must have two factors of 3,
that is, 3 « 3.

To make 3 « 5 divisible by 9, place one more factor of
3 in the product expression, that is, 3 ¢35,
Now, 3 « 3 and 3 « 5 will both divide 3 « 3 . 5.
Therefore, the least common multiple of 9 and 15 is

3 ¢35 =45
¥Yhen you write the problem it should look something like this:

9.3.5 LQCQMQ'5‘5°5.45
15 =3« 5

1. 12 and 16
2. 14 and 16
3« 10 and 14
4, 16 and 18
5. 12 and 20

6. BRAINBUSTER. 100, 250, and 200

Ll




10-7
EQUIVALENT FRACTIONS IN LOWER TERMS

In yesterdayﬁ exercise you were given a fraction and
asked to find an equivalent fraction that had the smallest
whole numbers in the numerator and denominator. For exsmple,
you were given %g , and as you read up the table you found that

%% = %% = Tg" g = % s therefore, % was your answer as it had
the smallest whole numbers in the numerator and denominator of
the listed equivalent fractions.

Suppose, though, you were asked to do the same thing with ’
the fraction.%% ? Your tables do not go that high. Here is a
method you can use to reduce a fraction to simplest form, that
is, to a form wkere the fraction has the smallest possible whole
numbers in the numerator and denominator.

Consider the fraction %g o

%g = 5 %7: g . But g is another name for 1.

1 [ ®
Then‘é'gzi—% g.??_i 1.2—?—-2-,%

Let*s try %% . You f£ill in the blanks.

The complete factorization of 18 is
The complete factorization of 24 is

18
Then 5% *

But % and % are but different names for R

Then %% = « 1l .1 Dbut since the product of 1 and any
number is that number,

18
24 =

Exercises. Put the following fractions in simpiest form. Use
the method shown in the example. Use table 8 to help you.

, 30 2:3.5 2 5
Example: 24'2-3.2.2'9.'%'2.2‘%

1. =2
1. 21

(Go on to next page.)
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3. 5%
4,

5. 23

6.

2. L2

8.

&

9.

N
KLY
H

111111
10, BRAINBUSTER. II11

46




10-8
EQUIVALERT FRACTIONS IN HIGHER TERMS

If we can reduce or place a fraction in simplest forp by
removing the common factors of the numerator and denominator,
that is, those factors whose quotient is 1, then by reversing
the procedure we can express any fraction as an equivalent
fraction of higher terms by multiplying by 1.

Example: 2 -,3 . g,- %——-% - %g
Notice we have multiplied the nunerator and denominator ’

by the game number, that is, 5 but~§ is but another name for

1, therefore, we have not changed the value of the fraction,

only its names

Exercises.

1. Find the other names for 1, that make the following statements
. true, Example:

" §r—-8 |
b. 2. ——.%‘-2‘-
C. ‘% o —— = %%

d. %"'—"—".

Sru £l&
g &

L
€. 70 =

2. Piace the correct number in the numerator or denominator to
make the following ste.sements true.

- 3T 4 3 & §-5
21 p! 11 132
b. % = e. ';-. = l‘, h. -13 = -L
Z . 25 ?
¢ 535 .f' %'— 116 - 106

b7
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Review exercise

1.
2.
3

4,

e
6.

7.

8.
%

10,
11.

1z.

13.

14.
15.

The decimal numeral for XXIV is o
Which is the larger number, 53 or Bsu? an3.
Using set notation, describe the set of counting numbers
that are multiples. of 10.
How many differeat prime factors does 100 have? ans.
Without dividing, is 10101 divisible by 3? ans.
What is the least common multiple of 2, 4, and 10?7 ans.
If a number has 10 as a factor, what other factors nust the
number have? - ans. ' '

What is the greatest common factor of 12 and ‘187 ans.
Put 2,345 in expanded form using exponents. g
2,345 = s e

Find all the factors of 36. ans.

To change 2 to the equivalent fraction 28 s you multiply both
5 35

numerator and denominator by .

Reduced to simplest form, g%

If you maske a tracing of one figure and place it on top of
another figure and if it fits exactly, then we say that the

two figures are . .

In the numeral 254five’ the 2 stands for two .
The decimal system uses (how many) symbols. These
symbols are called .

Uge the space below to do your work.

48




12-1
PRODUCTS AS_MEASURES OF RECTANGULAR REGIONS

1, PFigure A shows a unit square region. Figure B shows the
same unit square region. 1t also :hOWS a shaded rectangular A
region whose sides are i unit and § unit in length. S

pia mur e R R s

g s

i
4

e 1SS . <.
Ty o e B Rl oty

- A
i . You can separate the unit% square region lnto rectangulzy
regions which are congruent to the E by -2 region, as shown

in Figure C. : . SIS
S a. How many cong:uent regions are there? ‘ans._ o -
,ff‘ : b. How many congruent regions are shaded? ans. -
§ - ce What fraction is represented by Figure C? ans._
5;: 2. Figure D shows a % by % rectangular region shaded. Figure
;x E shows the unit square region separated into congruer .

rectangular regions.

A

b N R .

Z, a. In Figure E, how many small rectangular regions are

k- there in the unit square region? ans.

fﬁﬁ‘~ b. How many congruent regions are shaded? ans. -

E ¢. What fraction is represented by Figure E? ans. -
3 (Go on to next page.)
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3., Figures F and G show a\,s'.had.ed.-‘t by~2 rectangular region.
3 2765
& 6
T ] T
4 I $aM 4 4~
= s 3 e [.q +4-
5 i 5 p¥EE+4-
Toit]-

4,

5.

A ’ . G
a. -In Figure G, how many small congruent rectangular
regions are there in tke unit square region? ans.

b. How many of these congruent regions are there? ans.

¢. What fraction is represented by Figure G? ans.

Figure J shows a ahaded'rectangnlar region larger than the

upit square region.

Figure J is a % by'%‘region. Figure K shows the shaded

rectangular region and the unit square region separated

into congruent rectanguifr regions.
)

N]vl

i .
1

a. How many small rectangglar regions are there in the
unit_square region? ans.

b. How many small rectangular regions are there in the
1 by 7 3 shaded region’ ans.,

Ceo Nhat fraction is repres»nted by Fxgure K? ans.,

The unit square is shown in dark lines,

Complete this table about the shaded regions in Exercises

1l =4, . i

Measure of sides Fraction represented
1 1l

g% 3

2 py 2

37 %

4

2 oy 2

2oy X

3y 3

50
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Suppose we wish to change the mixed numeral 5-]3‘ to a
fraction. The procedure is just the reverse of what we did
yesterday. Study the examples.

Example (a) ,
5%.&%121.1;1,1% check':;%-a}lgn&-

; Examplg- éb) 484  check: l—é |
B B ek R A AL

~:" o l. Charge the following mixed numerals to fractions and then

, check your work exactly as in the examples.
4 ae 7%

bo 17%
‘ ce 72
‘ . %
: ee 8‘]'.%
j r £ 132
. %
. h. 231';
’ 1. 123
- ok
4




12.7

£3"IMATING_THE_PRODUCT OF T#O MIXED NUMERALS .

vy -

% is frequently to your advantage to be ahle to estimate
tho product of two mixed numerals. The following is one way
of making a fairly close estimation.

Before going on though, the symbol > means
and the symbol < means . Wnen using these
symbols, the arrow always points toward the number.

Now, let us use these two symbolb”to help us estimate
the product of 3% . 4% . Answer the following questions by
£illing in the blanks.

l. What is the first whqie number greater than 31 ? ‘ans.__

5
2. What is the first whole number less than 3% ? ans.
3, Is it true that & > 3% >3 ? ans.
4, What is ‘the first whole number greater than 4% ? ans.

5. What is the first whole number less than 4% ? ans.
6. Is it true that 5 > 4% > 4 ? ans.

Now, let us write the mathematical sentences in queétions
3 and 4, one over the other, just as if you were going to mult-
iply vertically, which we are.

5> 43 > 4
1
4>33.>3
20 > ¢ > 12
This tells you that the product of 3% and 4%, which is

represented by the question mark (?), will be somewhere betwe:n

12 and 20. With a little practice you will be able to do this

estimation mentally. -

?. Using the method shown above and in problem (&), find two
whole numbers between which the product will fall.

nSi

8. * 9% 10 > 9% >9 The product will fall

7> 6% > 6 between 70 and 54.
ST S 54

(Go on to next page.)
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Find the products of problems a-e in exercise 7.

8.

. L3
D R A AR I N U, i e M
- T - 5 Eatai o 2 VIR e R A A TR R P R d RS a2V, » s .
e A v - X . TOVRNE PR AR N0 Woc A D S s i Y
~ > N ~ B N M - . N - ’ . . ”
R - - ’ < . )
AV - - N . g, . . i
PN - AN PR R R
- . N : P . - .
1 ‘. ’ -
. ~ . . N . .-
P . s T .y - .
f . .
. . B
H
;
§
0
s
'
.
;
§
!
1
)
!
!
.
\
. !
'
i
i
{
i
i
!
i
!
1
. ‘
1




2
E.
;.

Consider the figures below.

A B : c _

Figure A is a unit square region. Figure B shows the same
unit square region divided intc 4 smaller congruent rectangular
regioﬂs. Can each of these smaller regions be thought ¢f as
making up‘E of the unit square region? ans. Figure C
shows the same unit square region with 3 ¢f the smaller-regions
shaded. What fraction is associated with figure C? ans.
If each of the smaller regions can be thought of as making up
% of the unit square region then can the shaded porticm in figure

C be thought of as three %s ? ans. . If it can, then

3 i
2= %%
1. Express each of the following fractions as a product expression.
One of the factors is to be a whole number, the other factor
a fraction. Prcblem (a) and (b) are done for you.

a. 1_,.1 £. 13
3 L] 8
b. i g 1
g=5-% 5
c. 2 h. 23
8 22
d. 10 i. 2
7 3
€. 3’ -155
3 2
2. Eerlier this year you learned that you could write 5 ¢+ 3 as %.
The same idea can be used to write % %‘% , that is, you can
write 3
2
2
5

(30 on to next page.)
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l3=-1s
2

Notice that the bar between % and 5 is longer than the other
two bars, Write the following as fractions. Problem (a) is
jone for you.

Coe

Ce

d.

S

&.

b.

Ce

d.

3
4
2
3

i
ViR

()] N}
ofe
&

o] Yo
o
~Jj®

£
ole
~Jjo»

Write the following as fractions, then write the numerator
and denominator of the fraction as a product expression of
two factors, one a whole number and one a fraction. Froblem
(a) is done for you.

3 5.1
3,58 2°%
A A TS|

7 7
33
g+ 3
48

25




13-2
What is another name for %-? ans. What is another
name for g ? ans._____ What is another name for %%g ? ans,

Except for zero, what is another name for azny number divided by
itself? ans._____ Then, what is another name for:
1

=§- ? anse.

Using this idea of 1 and the fact that a fraction can be
expressed as a product expression of 2 factors, one of which
is a wholie number and the other & fraction, we can now do
division ¢f fractions that have a common denominator. Study
the examples carefully.

Fxanple {a)

2
‘%— ? eans,

¥xample (b)
; 2 5..].- i _
%%%.%-——%—2.3-20-}%".201.30r%
z .

1. Perform the following divisions. Follow the examples above.
Do not omit any steps. -

v 3ol o |
b
743
‘ Ce S*é
d.
¢ i

" ey

o 2. Look at your answers (quotients) eand then at the problem
S again. Do you see a short way to do the division if the
o denominators are common?

56




15-1
MULTIPLICATION

Suppose we wish to multiply two numbers in decimal form,
for example, (.3) » (.25). We know how to multiply these
numbers without the decimal places: 3 « 25 = 75
S Just as before, we write ‘”'*“”ji
;’ , (e3) « (425) or .25 ‘
3 ‘ 3 but
: 3 = 73 » 4nd .25 = 722 , s0 |

2
(e3) + (225) = 13~ 758 = 7825 = -075

3 . Notice that the number of zeros in the denominator of the product, )
when written as a fraction, is the same as the number of decimal “f‘
places in the product, when written as a decimal.

Now, aunswer the following questions about the above problen.

nolt

g 1., How many digits are there to the right of the decimal point
in .3 ? ans.

2. How many digits are there to the right of the decimal point

4 in .25 ? anms.

= 3. Whbat is the sum of your answers to (1) and (2)? ans.

4, How many digits are there to the right of the decimal point
in 075 ? ans.

5. When you compare your answers to (3) and (4), what do you
find?

E Consider the multiplication below. Then answer the questions.

E ‘ 735 |

3675 .

1470 ’
«183%75 thus (025) i (0735) = 418375

?, - 6. How many digits are there to the right of the decimal point
. in .25 ? ans. .
7. How many digits are there to the right of the decimal point
in 735 ? ams.______
: 8. What is the sum of your answers to (6) and (7)? ans.
?, 9. How many digits are there to the right of the decimal point
| in .18375 ? ans.
g 1C. Compare your answers to (8) and (9). What do you find?

(Go on to next page.)
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15—1&
To find the number of decimal places when two pumbers are
to be multiplied, add the number of decimal placs3 in the two

numerals.
Notice that when we multiplied (.25) « (+735) that the

i first numeral has two decimal places and the second nugmeral

3 has three decimal places, so there ~vill be five decimal places

{ in the answer. We multiply 25 + 735, and then mark off five

; decimal places in the answer, counting from pight to left. \

¥ 11, Find the procducts.
‘ 2 ¥ (08) L4 ('7)

be. (006) * (09)

e Gy i

Ce (005) . (.03)J ) - o 7 | ' | ";F;
d. (.4) + (.004) : . - ;,_ t;
e. (.02) - (.007) ‘ e
f. (1.3) « (2 - B g

B | ~ o i‘, §

g. (2.5) « (.3)

h. (.02) « (1.8)

g i. (1.5) « 61.5)

Jo (2003) * (07)

2 g e
)

-4 -
Qe . . -
R

o N aests

58
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16-1

DIVISION
Suppose we wish to divide 1.2 by «3 . How do we divide a

decimel by a decimal? You know that 1.2 + .3 can be written
lgg ¢+ Now the problem becomes one of how to divide by .3 .
Wouldn't it be much easier if the divisor were a counting
j numbex, that is, if .3 were just 32 If it were, the division
i would be quite simple.
4 When you worked with fractions you learned that you could

o multiply (or divide) both the numerator and denominator by the
k same counting number without changing .ae valve of the frsction.
o Suppose we multiply the numerator (1.2) and the denominator (.3)

. ~ by 10, then
3-.33..‘%3—3.%.%%-%;'Nowthedivision

becomes quite simple.

Exercises.

1. Multiply thc numerator and denominator of the following
numerals by some power of 10 (10, 100, 1,000, etc.) so
that the result is a fractiop with a counting pumber as
a denominator. Problem (a) is done for you.

Re

b

. 23.6 . 100 _ 2360.0 _.7360

o2 25

\
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16-2

Let us now use the idea you learned yesterday to explain how to
divide decimals. The example on the left is how you would divide
decimals. On the right is what takes place if the division were
in the form of a fraction. ,

(a) 3436 + .8 3.36 + .8

4 can be written as can be writtem as z
| (b) .8)3.38 236 |

3 Move the decimal point in *
; v both the divisor and the

. dividend the saie number

3 ' df.places 30 that the

divisor is a counting

number. ,
- =8 Tk

Do the problem as if it
were division of whole
numbers, tha% is, ignore
the decimal point.

e
N

: | (a) 8J33.6 33:6 .4 2
3 32 “8

l6

16
3 : Y .
E 3 Place the decimal point in the
quotient in such a way that the e @
} quotient has_exactly the same a o

N as the revised dividend you got
by step (c)
- -
T 33 33.6
; 2 8 = 402
> T 16 ‘
L 1.6
0

: - Of course, with a little prectice you will be able to do all
B ‘ of these steps at one time.

(Go on to next page.)
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16-6
USING YOUR TABLES

This exercise will give you some practice using your
Decimal Equivalent Tables. :

You have learned that a fraction like % has the decimal
neme .75 . To find this decimel name you did as followa,

R
20
%
Now 2 can also be thought of as 3 - % +« From your tables

on page 10, you will find that the decimal name for %‘is 25 .
Then it must follow that

% = 3 . % =3 ¢ (,25) = .75 . Let us try another
.8
8/7.0
Ze?.%=7. (125 = .875 check: &%
Exercises. 0

l. Use your table and the above process to find the decimal
name for the following fractions, then check '‘to make sure
your answers are correct. Problem (a) is done for you.

.62

8 2.5.%=5.(.125) = .625 check: ef‘_'z.g‘ioo
20

16

40

40

40

b.

PO

(Go on to next page.)
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19-2

AREA_OF A RECTANGLE

The chances are that your clagsroom flcor is in the shape
of a rectarigle and that it is covered wit). tile. Suppose Yyou
were .given time enough to sount the number of tile on the floor
and found there were 800 tiles in all. You are actually finding
the arga of the floor using tiles as the covering unife. -
This is exactly what is done when finding the area of any
rectangle only instead of tiles we use a gquare of some standard
measure, that is, an inch, foot, yard, etc. '

Suppose we have a rectangle 6 inches long and 3 inches wide
and we want to find its area. Because the rectangle is measured
in inches, we choose a sauare, 1 inch on & side, 48 our covoring
unit, and see how many of these squares it takes to. cover tho
rectangle.

.__'.1.
~—

3 inches”

-‘T

6 inches

By counting, you will find -it takes __, square inches
to cover this rectangle. :
1. In the figure above:
a. How many squares are there in each row (rows go herizon-
tally)? ans._ ‘ Cow -
b. How many rows are there? ans. : :
c. Write a mathematical sentence to show how to find the
area of the above rectangle without counting.

ange.
d. How many squares are there in each column (columns go
‘vertipally)? anse__.
e. How many columns are there? ans.

f. Write a mathematical sentence to show how to find the
araa of the above rectangle without counting.
ans.,

(Go on to next page.)
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19-2a

A = the area of a rectangle
Q = the length of the lounger gide
w = the width (length of the shorter side)

Write a nathematical sentence using Ay | s and w to show

how to find the area of a rectangle.

ans.

3 The figure below represents 1 square foot.

ae
be

Co

1. foot
‘ 11 foot

How many inches in 1 foot? ans.
Then instead of saying that the above square is 1 foot

by 1l foot, we can say it is_____inches by inches.,
How many square inches are there in 1l sqnare foot?

ans.

4, The figufe below represents 1 square yard.-

&
b.

Ce.
d.

.1 yard we can say it is

1 yard

How many feet in a yard? ans.
Then instead of saying the -above. square is 1 yard by
feet by, feet.

How many square feet in 1 square yard? ans.______ __
BRAINBUSTER,

How many squaro inches inl squaro yurd? ans.

6l
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The two triangles below are congruent. (Remember, two
figures are congruent if they have exactly the same shape and

. . .- P - P - - P P ,
sizes) ~° . B L e mnd 7 -
e (1) Do i :
- - - " . IR , "
N EI— - N Gt
Lo : . . . e .
P " A
f
e (- 1, ]
- . o
‘ E : - . - e e s
-~ - . LT SR

Imagine tney are hinged at point c and we start to rotate
triangle I in a clockwise direction, as is shown below. ' B

\lw/

step (2) o
We continue to rotate triangle Y until point B meets
point A, as is shown below. T : a
Step (3) S F . S
R ; AN
: .. B - ‘ ‘ A;‘ ~ ‘ s % 5
h ’ \’,,: v 4 _,‘»3 f :s -
M A ’ .
(Go on to next page.) . |
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19-5a
Refer to page 19-5 when answering the following qnestione.‘

1, In Step 3 what kind of a figure has been forned? )
ans.

2. Write the formula for finding the area of the figure in
Step 3. ans.

3, We started, in Step 1, with congrueg; ggglea and,

rotating, ended up with the figure in Step 5. Is the area
of this figure equal to the area of triengle x plu: the
arsa of triangle Y? ans.____

4, Renenbering that triangles X and ! ere congruent, then the '
aréa of 1 of these triangles must be _ ‘the area of the
figure in Step 3. ‘ )

Se Using your answers to qnestione 2 and 4, write a formula

. for finding the area of a triangle._ ans.

Find the area of the following triengles.“ .
8,
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TABLE I

ROMAN NUMERALS

Our Numeral 1 5 10 50 100 500 1000

Roman Numeral I v X L C D M

To write numbers other than those shown above, symbols are
repeated, or added.

‘Example: 3 = III 20 = XX 323 = CCOXXIII-

thice that the symbol for the largest number comes first and
is followed, in order, by the symbols for the smaller numbers.

EXCEPTIONS

There arve six exceptions to the above rule. When writing a
numeral that has a 4 or a 9 in it, subtraction is used.

Below are the six exceptions,

4.2 5 -1 = IV 40 = 50 - 10 = XL 400 = 500 = 100 = CD
9s)-1=1IX 90 = 100 - 10 = XC 900 = 1000 - 100 = CM

Example: 444 = 400 + 40 + 4 = CDXLIV
049 = 900 + 40 + 9 = CMXLIX

It is always a good procedﬁre to put a decimal numeral into
expanded form before changing it to a Roman numeral.
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ADDITION TABLE

1 ol 11 2] 3 ‘ m ‘ 51 6 *ﬁ7 819
N NE w1 51617 % “ 9

VRN

o
W

17 21 %1 44 5; 6§ 718§ 9 i1C

2y 3} 4} 5] 6¢{ 7; 8; 911011
3t 41 51 6} 71 84 9}10 {11 ;12
al 51 6l 71 81 911011 |12 |13
si 61 71 81 911011 {12 |13 j14
6i 71 81 9f10{11 j12 {13 {14 ;15"7
7} 21 8] 9}10}11}12 {13 {14 |15 |16
gl sl 910111112 }13 {14 }15 |16 {17
9| 9j1of1112}13 |14 {15 (16 |17 118
VDS SN
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MULTIPLICATION TABLE

—

T e
‘ t x| o] 1] 2] 51 4] 3] ef7; 8‘ 9
e il 1 o T Ny ..-_.T-—-——.-,———p__ o
ol ol of of 0of of ofj olojojo
. - -
1] of 1l 2f 31 s} 51 6]7is8}o9
; R T -
o) ol 21 4l 6] 8l10}12]14 1618
.,; e e s Mty it sl
1 51 ol 3 6] 9i12f15}18 |21 b24 {27
% PO B Aol faiatinlat p.laes =%
s} of «f sli2l16|20]2u]es {32436
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, ‘ . .
54 oj 5010115120} 25130135 {40 ¢45
] 6§ Of 6112}18 2430136 {4248 i54
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TABLE of WEIGHTS and MEASURES

LENGTH
12 inches = 1 foot 6%, %60 inches
3 feet = 1 yard 5,280 feet = 1 mile
161 feet = 1 rod 1,760 yards
1 320 rods J |

5§‘yards = 1 rod
AREA

144 square inches = 1 square foot
9 square feet = 1 square yard

50% ‘square yards = 1 square rod

160 square rods = 1 square acre

640 acres = 1 square mile = 1 section
VCLUME

1728 cubic inchec = 1 cubic foot

27 cubic feet = 1 cubic yard IR
LISUID MEASURE k &

2 cups = 1 pint 4 guarts = 1 gallon.

2 pints = 1 quart. 1 gallon = 231 cubic -inches

AVOIRDUPCIS ¥EIGHT :

16 ounces = 1 pound 2000 pounds = 1 ton

€0 seconds = 1 minute 7 days = 1 week

60 minutes = 1 hour 52 weeks = 1 year (approx.)

24 hours = 1 day S
MISCELLANEOUS o 8

1 acre = 40 yards by 120 yards (approx.)
1 cord = 128 cubic feet

1 hand = 4 inches

1 furlong = 40 rods = 220 yards

1 cubic foot = about ?% gallons

T2




A 3HORT TABLZ OF PRIME NUMBERS

2 53 127 199 283 383 467 577
3 59 131 211 293 389 479 587

5 61 137 223 307 397 487 593

7 67 139 227 211 401 491 599
11 71 149 229 313 409 499 601
13 73 151 233 317 419 503 607
17 79 157 239 331 421 509 613
19 83 163 241 337 431 521 617
23 89 167 251 347 433 523 619
29 97 173 257 349 439 541 631
21 101 179 263 353 443 547. o4l
39 103 181 269 359 449 557 643
4] 107 191 271 367 457 563 o477
43 109 193 277 373 461 569 653
47 113 197 281 379 463 571 659

A prime number is one that has exactly two different factors.
For example:
5«1 .5
31 =1 .« 31

13




The following are some divisibility rules for numbers
expressed in the decimal system. You will find these very
useful in the work to come. After we go over these rules im
class, be sure this page is placed im your tables s% the back

» L .
o2 your bindsz. 4

DIVISIBILITY RULES

2: A number is divisible by 2 if the digit in the ones place {
is a 0, 2, 4, 6, or 8, |

Example: 35796 is divisible by 2 because there is a §
in the ones place.

%: A number is divisible by 3 if the sum of the digits is -
divisible by 3.

Example: 3,654 is divisible by 3 because 3 + 6 + 5 + 4 = 18,
and 18 is ‘divisible by 3.

5: A number is divisible by 5 if there is a 5 or a O in the
ones place.

A number is divisible by 9 if the sum of the digits is ' ‘f‘;§
divisidble by 9. ‘ LS

Example: 2,106 is divisible by O because 2 + 1 + O + 6 = 9,
and 9 is divisible by 9.

O
.
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COMPLETE FACTORIZATION TABLE

2 = prime 4] = prime
3 = prime 42 =« 2 ¢« 3 « 77
4 = 2 « 2 43 = prime
5 = prime 4 = 2 - 2 - 11
6=2.3 45 = 3 « 3 « 5
7 = prime 46 = 2 « 23
8= +«2.2 47 = prime
9=3 3 U8 = 2 ¢ 2 ¢« 2+ 2 + 3
10=2 .5 49 = 7 o7
11 = prime 50=2.5+5
12=2 .2 .3 51 = 3 « 17
13 = prime * 52 = 2 « 2 « 13
14 = 2 « 7 53 = prime
5=3 5 S4 =2 ¢ 3 ¢33
16 =2 2.2, 2 55 = 5 « 11
17 = prime 56 = 2 ¢ 2 ¢« 2 ¢ 7
18 =2 ¢« 3 « % 57 = 3 . 19
19 = prime - ‘ 58 = 2 . 29
20=2.2+5 ‘ ' 59 = prime
21 = 3 .« 7 60 =2 ¢« 2 ¢« 3.5
22 = 2 - 11 61 = prime ‘
23 = prime 62 = 2 « 31
24 =2 62 +.2 43 63 =3 ¢ 3 7 .
25 =5+ 5 B4 =2 ¢ 2 022242
26 = 2+ 13 65 = 5+ 13 E
r 27 = 3 « 3 + 3 66 =2 .3 .11
] , 28 =2 +2 .7 67 = prime
29 = prime 68 = 2 « 2 ¢ 17
4 3022 ¢35 €9 = 3 . 23
31 = prime 70 = 2 ¢ 5 ¢ 7
32 2 02 ¢ 2¢2.2 71 = prime
33 = 3 « 11 72 2 ¢ 2 +¢24¢3.3
34 = 2 « 17 73 = prime
35 =25 7 74 = 2 « 37
36 = 2 « 2 ¢« 3 4 3 75 =3 5 5
37 = prime ‘ 76 = 2 « 2 + 19
38 =2 .19 77 =7 ¢ 11
39 =3 .13 78 = 2 « 3 . 13

40 = 2 « 2 « 2 ¢ 5 79 a Prime

[P
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- L-.5 | 55 = 047619
% = .333333 : -é-;- = 0454545 : :
i-.25 55 = 0434783 |
i-.2 55 = 0416667 %
§ = .142857 ??13' - 0384615 §
3= a2 5 « o370 o ;
1. .auun “ 5% . 0357143 | | i
3= v -2% - .0344828
4 = .090909 -3%- = 0333333 ,
5° 083333 3-% = .0322581
3- 0769231 3%. .03125
3 = 074286 -3-% - .030303
f% « 0666667 3% - 0294118
i% - .0625 | 35 = 0285714
b = 0588235 3% . 0277778
.0555556 3% - .0270270
.0526316 56 = 0263158
.05 3% ) .0256410
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.025
0243902
.0238095
.0232558
0227275
0222222
.0217391
0212766
.0208333
.0204082
.02
,0196078
.0192308

.0188679

,0185185

.0181818

0178571

.0175439

0172414
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0169492

0166667

0163934

.0161290

.0158730

«015625

0153846

0151515

.0149254

0147059

.0144928

.0142857

«0140845

.0138889

.013%6986

«0135135

0133333

.0131579

. 0129870
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-0128205
.01.26582
.0125

«012345%
«0121951
0120482
.0119048
0117647
.0116279
.0114343
.0113636
.0112360
.0111111
0109890
.0108696
0107527
.0106383

«0105263

-
©
o

9
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«0104167

»0103093

«0102041

»0101010

.01

12




11
PLACE VAIUE CHART

Hundred 104101010410

thousand  or 10.10,000 107 100,000
Ten 10-10.10.10 4 S
thousand or 10.1,000 10 10,000 :
Thousand 10¢10.10 3
or 10.100 10 1,000
Hundred 1010 | 102 100
Den 10.2 10t 10
One 1 10° 1
Tenth 1 1 ‘
10 101 O.1
Hundredth 1 or 1 1 : _
300 10-10 102 0,01
Thousandth 1 _or 1  _1_ 1
Ten-
thousandth 1 or 1  _1 1
10,000 10 * 1,000 10% 0.0001
Hundred- - :“
thousandth 1 or . ‘ ‘
B - mh & oo
1 10,0 105 0.00001
decimal
f'-M
\‘2%.\298\“\-
whole number places ""’E:;1mal point decimal places

(Note: be sure this table is placed with your other tables at . o
the back of your binder.) o
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APPENDIX 3

COMMENTS BY TEACHERS

(Experimental Group)

1. No one is more enthusiastic about the program than I am, among the
teaching group. I have no criticism of anything of the content. Where one
group way need more drill (examples) concerning any given operation, the
teacher can contrive more. Where there are more than necessary, the remainder
can be used for games or competition in the group. I cantt see cutting or

adding on the basis of the needs of one class.

T don't.know how my pupils did compared to the rest, but in acceptance

and enthusiasm they were, 1a my opfﬁi@’m, very high. Their formal opinion

inventories may prove me wrong but I'd be very much amazed to learn that.

A

2, 'This past year of work with this selected group of underachievers has

been a very fine experience. The group came to me in September as a collection
of disinterested, disorganized, and ignorant students who couldn'’t care less ‘
whether I or anyone else taught them any area of mathematics. Their attention

span, at best, was a few minutes.

At first they were somewhat disgruntled about not having a regular text-
book, but after several weeks of working on the individual sheets with some

degree of success, the textbook problem resolved itself.

After about one month of the program the students were asked if any of
them felt that they would rather transfer out of the program and into a
regular mathematics class., Without exception, they all wished to remain in
the program. As the year progressed, the students® attention span increased
and the majority of them showed increasing interest in the worksheets being

covered.

About one-third of the way through the year, I was asked to accept a
student who was becoming & real problem in another teacher?s class. His work
was very poor and he was simply wmaking a general nuisance of himself. The

AN ) interest and response of this boy was amazing. He experienced success

: *
§ These comments appear in a random permutation of the order in which the
teachers are listed in Appendix 1.

g o N A 2
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immediately and before long excelled over the entire class where he remained

the rest of the year.

I bvelieve, the way in which the program was written, the way concepts
were developed simply and sequentially, and the fact that students were
afforded success as they went along, all contributed toward a very worthwhiZe

experience, both for students and teacher.

Other teachers on the faculty who got glimpses of parts of the materials
were very favorably impressed. Their usual question was, "Where can I get

my hands on this waterial?"

Parents were enthused about the progrem and expressed appreciation for

having their children receive this special consideration.

3. First, I must say that I was delighted to be able to use the material
and be a part of the SMSG program this past school year. It is much more
interesting to me as & teacher then the usual textbook waterial. T hope, of
course, that some of my enthusiasm rubbed off on the students but one can
never be sure of matters of that kind. I do know that there are several
students in the class who worked hard to do as directed by the material and
put all they had into understanding the concepts involved., In every case
where the student was motivated to learn I feel confident that they received

great value for their efforts.

Unfortunately there were & few who could not be motivated and who were
not benefited in the least. Fach of the children in this category seemed to
have something bothering them beyond just teing behind grade level in wath.

The ones that were benefited covered a wide range of abilities and had
varied backgrounds. In some cases I have heard them talking about math to
other students on the school grounds and this in itself seems significant

to me.

4, My personal opinion of the program was that it wee = great success in my
classroom. I am comparing this year'!s low achieving class with the one I had
two years ago. I saw a great difference. My first class did not have the
suitable work for their level and this resulted in having more discipline
problews and a continuing dislike for math. The material for this year's
group was better suited for their level. Many of the lessons could have had
a few more problems added to them. This should be done for those students

who finished before others,
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My main objective was to change the attitude of the students; many of
them came to me with a dislike and fear .f math. It was felt on the part of

both myself and the students that from the experiences we had that this

negative attitude was changed to a wore positive one.

At times the students felt the lessons were too easy but this was due
to past knowledge of the material. I therefore reacted by giving a few more
challenging probleus.

One thing that I learned from working with the low achiever was that
each student needs a great deal of individual attention and he also needs to

experience a feeling of success and accomplishment.

T am looking forward to continuing this project next semester.

5, In general I believe the program is proving to be a success. For some
reason the make-up of my class was not as I expected. Nine of the students
had severe reading problems, so much so that they missed class one day each
week for most of the year in order to attend a special remedial reading clinic.
Also, ten of the students attended a core class which is for the very poorest

students in the seventh grade,

For the above reasons, at least I believe these to be the main reasons,
the class did not improve as much as I had hoped. However, some of the
students that were of the type that the program was to be for have shown very

good improvement.

T think the greatest improvement has been in attitude toward the subject.
Almost every student has indicated that they like wath more now than they did

before.

While the status of the program for next year was in doubt, I had
students ask if they would be in the same kind of class next year. I indicated
that there was some question as to whether or not the program would continue;
when they heard this, they responded with genuine disappcintment. Likewise,
when they were informed that they would be in the program next year, they
were quite happy. 7

Other teachers in the district bave heard of the program and have shown
an interest in it. At a district meeting of junior high math teachers I was
asked to describe the program. Several teachers were interested in using
this as a district program for underachievers in mathematics. This possibility

wight be of some interest to you and your staff.

8




6. TIn evaluating this project I would 1ike to begin by citing the reactions
of several groups who were directly or indirectly connected with the program

at my school.

The first of these groups are the parents of the students involved. In
each and every case of parent-teacher contect (which was about 70 percent of
the students?! parents) there was, upon explaining the project program,

immediate interest and overwhelming cooperation expressed by the parents.

The second of the groups was the other subject-mat*2r teachers of my
students, who upon more than one occasio. asked, "Why and/or how does Johnny
get Bfs and A?s in math and not in my class?” In view .7 tne past background

of my students, a wmost rewarding question.

The last and most important of the groups is the students themselves.
Tn watching the enthusiasm, interest, and achievement shown throughout the
year by the students, I found in most cases it was very hara to understand

their grade school wathematics careers.

Perhaps more significant was their desire to continue in the program
next year. Their relief and pleasure upon hearing thisjﬁas‘to be the case
was very evident. Undoubtedly part of this can be attributed to their
jdentifying with the teacher, but I am sure a very great deal of this feeling
is directly related to the program itself.

Finally, I would like +to dwell somewhat on my personal reaction to the
program. Having taught several "1ow" mathematics classes before, both in
traaitional and SMSG form, I must admit that perhaps I was somewhat skeptical
in first approaching this class. However, I soon found that if I was
skeptical the students were not, and with their increasing enthusiasm I found
wmyself looking forward to each day of working with them.

Tt has been a very learning experience, both for the students and myself.
Particularly in terms of understanding the spiral curriculum approach, and in
discovering that slowing down for a difficult subject area did not help student
learning processes. In fact, for overall achievement it was better to maintain
an average speed for all units, with student understanding: or learning being

higher because of the spiral approache.

As for the students, I am convinced that this is an excellent approach
in working with this type of underachiever; Jjudging from wmy student!s progress

and reactions, I am sure they would agree.
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Te I must.admit I had a great many doubts as to the degree of success, if
any, this new program might enjoy.

Previous to teaching this class, I had felt that whether a student liked
or disliked mathematics, or myself, was perfectly irrelevant. I almost knew
I believed I could teach mathematics to the

-

it made little difference.
students who liked or disliked math or myself with the same degree of success,
it any,

I was also a firm believer in very strict discipline. =In other words,
I believed that the relationship between student and teacher should be more
formal than otherwise. :

To my surprise the class did extremely well. Unlike other classes of
this level they showed much enthusiasm. They also appeared to enjoy the

class very much,

From past experiences I knew classes of this level did well to simply
get their bodies to class with a pencil. I don't believe Itve had any one
student forget to bring his supplies (pencil, notebook end soﬁetimes homework)
toqclass more than 3 or 4 times through the whole year, ﬁecauée a great“ﬁény
students in this class seemed to do well only in math, I found myself at'e
loss for words when teachers of these students would come to me to ask why
this particular'student'did 80 poorly in their classes, but sc well in mine.
All T could tell them, without offending them, was a rather brief explanation
of the program,

On numerous occasions I've had parents come to me to express their
surprise at the enthusiasm which their children were showing in math this

year.

An incident which, to me, exemplifies the general feeling of each student

in this class is as follows: A boy in my class was having difficulty in a few-

of his other classes, When the counselor suggested a change of schedule
which necessitated his removal from this math class, he told the counselor,

"If I have to change math classes, I don't want my schedule changed."

Because of the great success of the program (in my opinion) I find myself
a little confused.

I feel I must sit down and re-evaluate my philosophy as a teacher, I
know, because of this year's experience with this special class, I will become

a much more effective teacher next year,

8
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8. A1l in all I felt this was a most successful year for almost all the
children in this special class. It was somewhat of a struggle to get some
of them to use their addition and multiplication tables. Once they got used
+o them they really started making progress because they started getting more

problems correct and most began then to take a little pride in their work,

I found that they needed constant bolstering as to the effect that they were
covering seventh grade work and that they were not stupid. I found that the
better the self-concept the better they did in math.

A1l except two of the childrens' parents were represented at the open
house at the beginning of the year. They were very pleased with the idea of
the program and several felt this type of class should have been aveilable at

an earlier age.

T met with all the parents individually in May and we discussed their

child's progress in the program. They were all most flattering to the program.
They all felt their child either 1iked math or did not complain about it.

They all wanted their children to participate in the program next year. One
father even voluntcored to write a letter to the people in charge if it WOﬁld

do any good.

?', . The boy who was the most negative at the beginning of the year turned
? out to be one of the most positive students., His parents were certainly
‘ pleased and had noticed his improveuwent at home.

: The counselor talked to almost all the students in the class at one time
. or another during the year and found a surprising number liked math class
best of all. Théy didn®t think it was any noisier than any other class.

3 (This is not my opinion.)

« S T would say every child got so that they would volunteer information.
Of course some were much more enthusiastic than others. It wes a wonderful

experience to teach this class and I feel I learned a great deal myself.

: 9. 1In trying to evaluate working with this SMSG program during this year
- I keep coming up with one idea. It was exci!..g. The students enjoyed the
prograu and I enjoyed working with then.

1 " Initially, I was apprehensive. I am not a mathematics teacher, having
taught only one year of mathematics and not really doing too well at that.
I thought the program sounded interesting and would be a challenge. It was
both.
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I found the students nice but not very eager, as far as wathematics was
concerned., They were pleased not to have mathematics books but not sure
about the whole approach, They became interested in the program quickly and

oy
PP

never reverted to the way they felt in September, e

The parents seemed grateful that their children were chosen for special\
help. 'None of the 18 parents that I met objected to the program. One parent
considered not allowing his child to stav in “the program but when it was o
explained to him he was most enthusiastic. Another father told me this wasl
the first time he felt his daughter had a chance to be helped and that he
wished he had had something like this when he was in school. As I saw the
parents through the year they were quite Pleased and encouraged ‘about the

progress of their children. T A A

The students thrived on their success in the program and not feeling Fl
Hrpid They were cooperative, lively and worked well. This carried over ‘_
1nto other classes in some cases, One girl was. moved into a high English \:V
class and high social gtudies class during the year. She was my top student
and did)very well in all her classes, There were a few students who did well
in mathematics but did poorly in their other classes. Success in mathematics
was a point of pride with these students. They were successful in oomething
and it was iwportant to them. One boy has decided to teach mathematics when
he‘grows up. He had gotten nothing but D*s before this year. He may‘not
have the ability to get through college--but now he thinks he might try.

The other mathematins teachers at my school can probably Judge the pro;
gram more objectively then I can, One of them feels that the program 1s so
valuable that he would like to use it for his low seventh grade classes next
year., He sees success in the way the students react to mathematics as well

as their achievement. ; cL ;:,'g.t~

As the students became more interested in the work had. some success and
relaxed discipline was no problem, Some of the students are very immature,
but all of them responded to classroom control very well. I had no real
behavior problems though some of the students had trouble in other classes ‘
and on the school grounds. I treated them as though they were trustworthy
and I expected them to behave well, At first this was not always the case,’
but by the end of the year they behaved as I expected most of the time,

Beside being a very good year as far as the students were concerned
I have enjoyed this year for personal reasons, I am more aware of the scope

of wathematics, the pleasures it can provide and the stimulation of teaching
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a class in SMSG. I appreciate being selected to participate in this program
and I am looking forward to next-year. C . :

[

10, Materiais: Generally well laid out. Appropriate simple terminolog.,/ .
Average instructor should be able to make them useful to youngsters with whom
we are working. Suggest that more brainbuster type examples be provided at
end of each unit and that each daily assignment include at least one brain-

¥

buster type problem.

Student Reaction: Youngsters felt good all through the year about be1ng
part of this program. They felt. it was prestigious to be studying "new wath"
Just as other youngsters in high level classes were doing. Faster youngsters

registered impatience, sometimes overtly, when other youngsters required a
fuller explanation of a concept than was stated in the materials. Most
students wanted to supplement Work with mathematics games and Voluntarily
provided their own from books they had at home or found in libraries. By “bhe
end of the year one could generally say that many of the "au1l" had seen a )
little more to math than they ever had before. But, one would also have ‘
observed that the "faSter students had become bored almost to “the point of
impatience. However, planning ahead by the instructor to avert this latter ‘

phenomenon could well be done.

Faculty Reaction- Teachers were generally supportive in philosophy, butA
few took the trouble to find out what was really going on. Those who- did so
showed guarded int :rest but did follow up with inquiries on activities and
progress from time to time, Instructors in the wath department were actively

supportive and made frequent inquiries and expressed hope that similar materials
would be made available 10 them in the near future. ' '

Administrative Reaction: The principal was very supporbive, philosophi-
cally and actively, He asked for a short report at a faculty neeting and
followed it up with references to what we are trying 0 do at other faculty
gatherings. He also visited the class ‘while in session and made a point of

discussing the program from time to time.

In, conclusion , the outstanding weakness of the program is he inadequate
treatment of the material by the various instructors, such as mnyself,. who
"forgot" the main thesis of one-lessca-one-day and ""ragged" the students
through concepts ,just as if they were conducting a conventional math class.

By th . last two quarters that practice had dropped entirely.
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The outstanding strength of the program is the ready accessibility of
functional easy-to-use waterials. A

Thank you for the opportunity of working with this experimental program.
Tt has chenged my deliveries and technigues in other clesses as well end

provided me with tools for the best year I have enjoyed in education yet,
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APPENDIX 4
SCALE DESCRIPTIONS -- SMSG MATHEMATICS INVENTORY, FORM SC

Whole Number Structure 1 (6 items; ! minutes) This scale

is designed to measure knowledge of basic properties such as
commutativity, associativity, distributivity, and inverse
elements with respect to addition and multiplication of whole

numbers.,

EXAMPLE: 3 x26=(3x []) +(3x6)

(a) 2 (B) 6 (¢) 20 (D) 26 (E) None of these

Open Sentences-Operations 1 (6 items; 2 minutes) This scale is
intended to measure ability to jdentify the operation which must

be performed in order to find the missing number.

EXAMPLE: 23 x 51 = ‘[] (A) add (¢) multiply
(B) subtract (D) divide

Rationals-Non-Computation (11 itews) This scale is intended

to measure ability to convert rational numbers from one form

to another and to make a routine application of knowledge about

the rational numbers in solving a problem.

. 12 . 1.2 1
EXAMPLE: 5 equals: (A) 5 + 5 (D) T1 5
1 2
(B) 55 x5 () 7 +3

2

(c) 14 5

Whole Numbers 1 (9 items) This scale is intended to measure
understanding of notation and terminology of whole numbers and

ability to perform specified operations.

EXAMPLE: The sum of the three numbers 1,125 , 718 , and

1,090 is: (4) 1,952 (D) 3,933
(B) 2,823 (E) 9,39
(c) 2,933
90
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ATl

AT2

AT3

Geometry 1 (U4 items) This scale is designed to measure under-
standing of geometric relationships,

EXAMPIE: A straight line and a triangle CANNOT intersect in

(A) exactly 0 points.
(B) exactly 1. points.
(C) exactly 2 points.

(D) exactly 3 points.

(E) an unlimited number of points,

SCALE DESCRIPTIONS -- SMSG OPINICN INVENTORY, FORM SC

Mathematics vs. Non-Mathematics (8 items) This scale is designed
to measure how well a student likes mathematics and considers it
important in relation to other school subjects,

I like story books then mathematics books.

(A) a lot more (C) a little less
(B) a 1ittle more (D) a 1ot less

Mathematics Fun vs. Dull (4 items) This scale is designed to

measure the pleasure or boredom a student experiences with regard

to wathematics both in an absolute sense and comparatively with
other subjects. '

Mathematics is fun.

(A) strongly agree (D) disagree
(B) agree (E) strongly disagree
(C) don®t know '

Pro-Mathematics Composite (11 items) The scale is designed to
measure general attitude toward mathematics. It is an overall

scale Including items drawn from scales AT1, AT, and AT: and
other items not used in these scales.

I can get along perfectly well in eve:c"yday life without
mathematics,

(A) strongly agree (D) disagree
(B) agree (E) strongly disagree
(C) don*t know
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ATh Mathematics Easy vs. Hard (9 items) This scale is designed to

measure the ease or difficulty which a student associates with

mathematics performance.
No matter how hard I try, I cannot understand wathematics. 1
(A) strongly agree (D) disagree
(B) agree (E) strongly disagree
(¢) don®t know

ATS Tdeal Mathematics Self-Concept (8 items) This scale is designed

ure how a child wishes he were in his relationship to

to meas

mathematics.
T wish it were easier for me to talk in front of my. _ L
mathematics class. ' I ) ' :
(A) strongly agree (D) mildly disagree

(B) agree (E) disagree
(¢) mildly agree (F) strongly disagree T

Faciliteting Anxiety 1 (9 items) This scale is designed to
which mathematics achievement performance

AT6

measure the degree to
is facilitated by stressful conditions (e.g., -examinations).
I kéép uy mathematics grades up wainly by doing well

on the big tests ral.er than on homework and quizzes.

(a) always (D) hardly ever
(B) usually (E) never
(¢) sometimes :

ATT Debilitating Anxiety 1 (10 items) This scale is designed to

measure the degree to which mathematics achievement performance

is harmed by stressful conditions (e.g., examinations).

When I have been doing poorly in mathematics, my fear of
a bad grade keeps me from doing wy best.

(A) never (D) usually
(B) hardly ever (E) always

(C) sometimes
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Actual Mathemstics Sel: :Concept (8 items) This scale is designed

to measure how & child sees himself in relation to mathematics.
I find it hard to talk in front of my mathematics class.

(A) strongly agree (D) mildly disagree
(B) agree (BE) disagree
(C) mildly agree (F) strongly disagree
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APPENDIX 6

INITIAL MEASURES BY GROUPS

EXPERIMENTAL (N=235) coﬁ'i'ROL(N=116)

X §.0. X . );s.DJ.'
SEX* 1.49 0.50 1.50 © . 0.50
1.Q. 100.83 10.67 101.89 - 11.66
comp., ** 45,86 10.05 46.72  9.99
Appr, ¥ 5% .05 13.49 56.50 13.92
SMsG 1 2.08 1.58 2.30 1.53
SMSG 2 3.35 1.81 3.‘1:,’1 1.99 -
SHSG 3 1.66 1.30 186 R -
s¥sG b . 3.56 1.7h . 3.83 1.88
SMSG 5 0.73 0.83 0.71 0.83
ATT, 1 20.39 L.Lo 19.91 5.76
ATT. 2 13.17 b2l 13.09 | %.39
ATT. 3 33.56 5.40 31.76 6.79
ATT., k4 2k 68 6.03 2k,31 6.78
ATT. 5 35.51 5.6k 34.48 " 6.83
ATT. 6 b TT 5.46 2,68 ' 6.29
ATT. T 29.79 6.61 29.00 T.43
ATT. 8 27.85 6.34 28.5h T.46
DAYS ABS. 8.38 7.30 6.86 6.64
UNITS COVERED  12.79 2.85 15,7k 3.06
* Boy=1 Girl = 2
¥*  fMnege scores have been multiplied by 10 for programming purposes.
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APPENDIX T

ANATYSIS OF VARIANCE -- INITTIAL SCORES

HNIVARIATB ANOVA ON -~ SEX

t*#&**t****#**%#**#t****#*##*tﬂt**tt*####*###**#**********

SCURCE OF
VARIATION SS DF M3S F
t*tn#*xtt*#*t*w#w*tt******y*t*tty*w#*t:amt*#********m*****
BETWEEN ‘ 00 1 «00 «00
YITHIN 79.00 314 25

TOYAL 79.00 315

***##i&**#**&*i**#*3*****#*****#3*&****#**********t*******

UNIVARIATE ANCVA ON -~ STUDENT 1Q

t*tttt&at**###}##ttﬁﬁ***t*#t#*#gﬁ#w*y*ﬂ*ﬁt##t**t*##*t****#
SOURCE OF , 2R

VARIATION SS OF MS F
#tt%?**ig*##%*%*#t*l#*#***t##*#t&*&**##t#*#**f****#*#*t***
x BETHEEN 74.85 1 - T4.85 ~ T .62 -
3 ¥ ITHIN 37873.18 314  120.62 ETERROE
? TOTAL 37948.03 315 | S

,#t!#*?ﬁt**#!###ﬂ#t#**t*#*ﬂ*&***&**i**#*t***************** .

UNIVARIATE ANOVA ON —- PRE COMP

#**#*#*********t**t#*****************#******

ELAT R R S0 it D S SR gl
. BRI

: ook o ok o o o ok e ko

y SOURCE OF

: VARIATION $S DF MS . F

i **#%**********#**#****************#******#****************

: BETWEEN 49 .00 1 49.00 .48

: WITHIN 34566431 341 101.37 :

] TOTAL 3461530 342
t******#*#****#*****#*************************************

o8

e o —a————




UNIVARIATE ANOVA ON -- PRE APPL

L

’*3***************************************#***************

$OURCE OF o ,
VARIATiON $S DF MS F
******#*#****##***#**************#*********************%**
BETWEEN 376.77 1 376,77 . * 2402
WITHIN . . 6367787 . : 341 - 1B6.74 .

TOTAL : 64054 465 342

’*****%***************************************************

PR

UNIVARIATE ANOVA ON —: PRE-SMSG 1 -~ - -

**#************************#******************************

SOURCE OF e S :

VARIATION $S DF MS F
T e e e R 2 e TR R R R L S L L Ll L
. BETWEEN. | 2.47 1 2,47 . 1.01
WITHIN L 833472 341 2444

TOTAL 836.19 342 -

**********************************************************

UNIVARIATE ANOVA ON —- PRE~SMSG 2

3 ok Rk oKk ook Aok ok dokok ok ok kkok dok ok ok kk ko kkokokokok ok ook ok Aok k ok okok Rk

SOURCE OF - L . o
VARIATION $S DF MS F
. *#*************************t******************************
BETWEEN 44 1 4h - W12
WITHIN. : 1208.29 - 341 = 3.54:
TOTAL 1208.73 342

**#*********************************************#*********
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UNIVARIATE ANOVA ON -- PRE-SMSG 3

- e o o o e ok o o o e ook ok o ko ok s ol ke ok ko e ok ol ok ksl ok ok o ok e e ok ok ok ok ok o ok ok ok ok ok

SOURCE OF A
VARIATION $S DF MS F
y*****&***************************************************
BETWEEN o 3419 1 '3.19 1.75
WIFRIN  © © © - '621.25 341  1.82

TOTAL 624444 342

*************************************i*****i**************

UNIVARIATE ANOVA ON -- PRE-SMSG 4

b #*&#***#******!*******************************#*****&*****

SOURCE OF _ ‘ \ ,
VARIATION ss DF MS - F
t*&ﬁ**&*******#****#***********#******f**********#********
BETWEEN T 3.90 - 1 3490 1.22
WITHIN - 1092:55 341 3.20

TOTAL 109644 342

Rk ik ok AR KK ok ko Rk kK ok K kR ok koK sk kok sk kokok ok ok kok ok ok
UNIVARIATE ANOVA ON -~ PRE-SMSG 5

5 o o o o o e o ek ok ol sk ok ol o e e kA ol o o ook e ool ok o ok o ok ek ok akok ok ke ook ok ok ok ok

SOURCE OF |
VARIATION ss DF MS - F
ok ok ok ok ok ook ok ofe sk ok ok K ok ke ok ok Aok ekok ok ok ok Kok kok ok kokok ok ok kok ok
BETWEEN .02 . 1 02 .02
~ WITHIN C237.T7° - 341 .70
TOTAL 237.78 342

g ook A e sk ok ok o s kel ook o sk ok o o o ok ook kool o ok ook o ok ok ok ok ok ok ook ok ok ok R ok ok

UNIVARIATE ANOVA ON -- PRE-ATTI 1

Rk Rk kR ok sk okl Ak ok ook kR Rk kR ko ok ok ok koK

SOURCE OF
VARIATION SS DF MS F
ok ok kAR ok ok ok kK ok KK Rk R Rk ko Kok Rk ok ok kK ko k
BETWEEN 17.30 1 17.30 72
WITHIN 8156.70 341 ?23.92

TOTAL 8174.00 342

0 2l o 3 ook 0k Aok ool e ok sk oo ok ok o ook ok ok e ek ok ok ok ok ook ok ook ok kol ko ok el ok ok ok ok
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UNIVARIATE ANOVA ON —- PRE-ATTI 2

‘*!ﬁ**%*#********#*ﬂ******************#*************#*****
SOYRCE OF |

VARTATION sS DF MS F
,#*%****************************#*************************

SETWEEN «33 1 «33 «02
WITHIN 6196.73 341 18.17
TOTAL 6197.06. . 342

,#********#******************t**********************8******

UNIVARIATE ANOVA ON —- PRE-ATTI 3.

At**#**#**********************#**#****************%*f******

SOURCE OF -
VARIATLON SS DF MS F
PP e T T T T o T T TI T SRR T O LR SR SR 2L L 2 LS S Ll
BETWEEN 247.89 1 247.89 . 7.03
WITHIN 12018.14 341 35,24

TOTAL  12266.03 342

**!***********************#**#*****#*******#**************

UNIVARIATE ANOVA ON -~ PRE-ATTI 4

ﬂ**m**m*******#****#***********&#*****#&******************

SOURCE OF
VARIATLON SS DF MS F
**t******************************#************************
BETWEEN 11.19 1 11.19 .29
RITHIN 13185.67 341 18,67

TOTAL 13196.86 342

**t***%*********************#*****************************

UNIVARIATE ANOVA ON —-- PRE-ATTI 5

t**ig*;***x********#******#***t**$***********************#

SOURCE OF
VARIATION SS DF MS F
t*#************#**********t*******************************
_BETWEEN 93,97 1 93,97 2.63
WITHIN 12196.03 341 35,77

TOTAL 12290.00 342

e TRt 1Tt at TR PR St 22 g s S L e g Ll b
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UNIVARIATE ANOVA ON —-- PRE-ATTI 6

o ook o o e o o ok g ook o ok ok ok o ok o kol ok ok o ok ok s cokok kb ok kokok ok ok ok ok ok ok Kok ok ok ok Rk k

SOURCE OF
VARIATION SS DF MS F
#*****#*******#*********************************#*********
BETWEEN 4410 1 4.10 .14
WITHIN 10260.90 341 30.09

TOTAL 10265.00 342

e ook ol o o ook o ok oo ok ok o o e ok o ok e e ke ok ok feokok ok ok ok ok ok ok ko ok ok ok

UNIVARIATE ANOVA ON —- PRE-ATTI 7

10 3k gk ok ok el e e ek o ko o o ok ok ol ok o ok ek ok ik ok ok kokok ok fokok ok e dkok ok ok Kk ok ok Kok ko k

$OURCE OF
YARIATION $S - } DF MS F
#*t*******************************#*****************#*****
S8ETWEEN 65.76 1 65.76 l.46
HITHIN 15340.64 341 44,99

TOTAL ' 15406 .40 342

0ok 0k ok ol e o ol oo o oo o o ok ok ol o ok ko ok ok ek ook dkokokok ok ook ok ok Ak Kok Rk R Rk kK

UNIVARTIATE ANOVA ON -- PRE-ATTI 8 -

**#****************************##*********************#***

SOYRCE OF
VARIATION $S DF MS F
Q*%#***#******#*******************************************
BETWEEN 36.02 1 35,02 .80
WITHIN 15444 .01 341 45.29

TOTAL 15480.03 342

Ak e b ook ok ok ok o okl o o o ok ok ko ok sk ek sk ok ok o ok ok ok ok ok ok ok ko ok k kok ok ok ok ok ok

UNIVARIATE ANCVA ON —-— DAYS ABS

FERRE O KR S & 4Kk okg b2k kK ok o ok ook o o ok ko o ok ok R ok ok koK ok ok ok ok ok ok k ko

SONRCE OF
VARIATION SS DF MS F
.*ﬁ*!*ﬂ’@*****ﬁ*#*#*****‘**‘**ﬂt’*&#**ﬁ*******i***********
BETWEEN 137.3}1 1 137.3) 2.75 '
NITHIN 15705.38 314 50.02 '

TOTAL 15842 .69 318

SRR NBAAR KRR KKK FF AR KR RS R R KRk ok ko okl kR Aok ok KKk
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UNIVARIATE ANOVA ON -— UNITS CVROD

l’{!**i*!&***l'l*l'*'i***i'!*il"!"*'Q!i!*{**i**ii*’*ii*!

SCURCE CF
VARIATION SS D¢ MS F
g e T Y TS T2 I TR R IR I ST R 22 2 2SS A A A 4 A
BE TWEEN 612.60 1 612.60 7263
WITHIN 2876.28 341 8.43

TOTAL 3488, 89 342

’.**.*i*'ﬁ**l*l!*i'!*i*i*'!liii&i!’**i!l'i*ﬁi*’!ﬁi!il*ll*l
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APPENDIX 8

o e o b—

OGENEITY OF REGRESSION
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APPENDIX 9

ANALYSIS OF COVARIANCE -- SMSG ‘SCALES

DEPENDENT VARIABLE —- POS-SMSG 1

f'if’iiiili"l*i&*.fi*i!**!”’.li*!‘f!if}i’l’.ﬁ*!f.**!f”!*l

RAW SCORE REGRESSION HWEIGHTS
UNITS STUDEN DAYS A PRE-SM PRE-SM PRE=SM PRE-SM

GROUP 1 «C60 0023 =.009 0362 012 o107 .027
GROUP 2 «C75 . «005 -2002 435 «035 -+030 e167

PGGLEC «C69 «016 —.008 381 «033 064 0066
TOTAL «COl <016 —.001 360 0042 «058 «085

li.ifl**&ifilli!i%iiil!i*!!*ﬁ’*ﬁfiiif}f!*!!!.*fﬁ...’!i*.‘il!

PRE-SM RSQ R F
-0043 0271 0521 9.634
-+180 256 «506 3.744
‘0087 0256 0506 13.031 -
’0072 0215 o464 10.383

TEST OF THE RYPOTHESIS OF HOMOGENEITY OF REGRESSION

m
"

«503 WITH 8 AND 294 DEGREES OF FREEDOM.
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ANALYSIS OF COVARIANCE

.*QQ.&*'.’ﬁ...**'i.li..i}.....i'.'..i'.'..i{i{i.i....i..*."

SOURCE CF VARIATIUN  ADJ. SS DF ADJe MS F
..’ifﬁiiiiﬁii#6*555%5%%%%%55&5!!!!§§"..*....'...’.'........
REGRESS ION 178.384 8. 22.298 11.312
TREATMENT MEANS 63,225 1. 63.225 32.075
HETEROGENEITY

OF REGRESSICN 7934 8. <992 «503

ERROR 579,531 294, 1.971
TOTAL 829,074 311.

CEPENCENT VARIABLE —- POS-5MSG 2

*l....**.*...l.&*li..l.*%..iil%......i.i.l..i.....i....i..i.

RAW SCORE REGRESSION WEIGHTS
UNITS STUDEN DAYS A PRE-SM PRE-SM PRE-SM PRE-SM

GROUP 1 «103 «016 -+.034 «06% «206 «188 «082
GROUP 2 0163 0012 '0060 ‘0284 0493 0251 0127

POULED 0126 0011 ‘0036 ‘0014 0295 0191 0098
TOTAL 0C62 0011 -0030 -0034 0303 0185 0115

.l....*.i**...*ll*ll*l.il..’lil.l..i........i.i.i.....}*.ii.

PRE-SM RSQ R F

’0255 0189 0435 60046

~-+.045 264 514 3.909

-~el172 «197 bbb 9,309

'0158 «168 «410 T.670
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TEST UF THE FYPOTHESIS OF HOMOGENEITY OF REGRESSION

F = .991 WITH 8 AND 294 DEGREES OF FREEDOM.

ANALYSIS OF COVARIANCE

l*%*i**l*l'*’!ii*‘ili*{.}".QQ.*QGQQQ’Q'.l*l’ili”*”&""i}

SCURCE CF VARIATIONM ADJ. SS OF ADJe. MS F

*li*ii*§l**§l*****l*i**li"ll&&l&{..'§i§§§*§§§§l§}§§Q’Ql*l**

REGRESSIGN 218,991 8. 27.374 8.058
TREATNENT MEANS 55,732 1. 550732 16.405
HETEROGENEITY
OF REGRESSICN 260921 8e 3365 «991
ERROR 998.805 294. 36397
TOTAL 1300.449 311.

SRkl il v it St aetS

ey

b

E Ak i 2 ety
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CEPENDENT VARIABLE == POS~SMSG 3

BRRRBBEBAEL R A ERRERBR AR REERREERER R B R RBERBRBRR BB RBRRRERES

RAW SCORE REGRESSION WEIGHTS

UNITS STUDEN DAYS A PRE-SM PRE~SM PRE-SM PRE-SM

GRGUP 1 oCéﬁ 0022 '0014 0121 0124 0450 0088
GROUP 2 «191 «030 -e027 «251 -~ 063 0248 «076

PCOLECD o113 «026 ~+019 154 «067 «365 .073
TGTAL 0103 0026 '0018 0151 0068 0364 0076

HAFHBRBERXBERBBEERA R SRR R RS RBER BB RERBRRERE (BB RERRREENERERT RS

PRE~-SM RSQ R F

«086 «309 2556 11.569
‘0218 0209 %58 20879
'0014 0250 0500 12.650
-+012 253 «503 12.800

TEST OF THE +YPOTHESIS OF HOMOGENEITY OF REGRESSION

£ = 1.307 WITH 8 AND 294 DEGREES OF FREEDOM.

ANALYSIS OF COVARIANCE

=

RE BRBRBAERF B R X AUBR SR LG R R R BB B ERBERRBBERERERERRERREER SRR REER

SOURCE CF VARIATIOGN ADJ. SS DF ADJ. MS F

L2 a2 2 2R 22 22 i 2222 X222 22222222222 YYPTR 2RISR

REGRESSION 261.144 8. 32.643  12.885 V
TREATMENT MEANS 1.411 1. 1.411 <557 _ e
HETEROGENEI TY S
OF REGRESSIGN 26.483 8. 3.310 1.307
ERROR 7444804 294, 2.533
TCTAL 1033,843 311.
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DEPENDENT VARIABLE —~ PUS-SMSG 4

iliﬁ&**li#iil*i****i*iliili*Q*QIQQQQQQQQQQQQQQQQli'**iiiiﬁ{i

RAW SCORE REGRESSION WEIGHTS
UNITS STUDEN DAYS A PRE-SM PRE-SM PRE-SM PRE-SM

GROUP 1 «L58 027 -+017 «280 031 - 092" e 347
GRGUP 2 »165 «035 ~.094 -.016 218 167 «300

i’ PQGLEC .093 0026 ‘0034 0236 0081 0085 0326
' TOTAL +L5¢ 026 —.,030 223 « 087 «081 e 337

iiflii*li*ii*l*i**f&!*lilliil}*ili}ililli‘*liiiiiiiil{llli.{

E PRE~SM RSQ R F

!; - 040 0288 537 100477
5 ’0238 0239 0489 3.422
3 -.092 249 <499  12.589
f - 082 236 486 11.730

TEST OF THE LYPOTHESIS OF HOMOGENEITY OF REGRESSION

= ‘ F = 1.019 WITH 8 AND 294 DEGREES OF FREEDOM.

ANALYSIS OF COVARIANCE

ERRR SRR B RBREERF AR AR RN RFEERBRRERRARRARRRRRB AR A RARRRR RN

SUURCE CF VARIATION ADJe SS DF ADJe MS F

'l{*ll*iii*}*lit!'iliil*li!llllillll&lillllililfi**iil{§*§*§

REGRESSION 362,509 8.  45.314  11.936 \
1 TREATMENT MEANS 234444 1. 23,444 60176 '
¢ HETEROGENEITY ,
5 OF REGRESSICN 30,945 8. 3.868 1.019 f
ERKOR 1116.099 294, 3,796
TOTAL 1532.997 311.
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DEPENDENT VARIABLE -— POS-SMSG 5

l’l’!l!l*l*I****i*!ll*l!i!!‘*l*!*l!I*l!ll*ill*!!l!’!l!.l*!!*

RAW SCORE REGRESSION WEIGHT

UNITS

GROUP 1 oCl2
GROUP 2 o085
POOLELC «C4l
TOTAL (35

STUDEN

«004
o015

«007
«007

DAYS A

‘9011
‘0018

‘0011
“0011

PRE~SM PRE-SM PRE-SM PRE-SM

o117
‘0027

«081
«080

«015 116 «086
0012 0137 ’0042
«004 «107 047
«005 «106 «049

**l!***l!*'ll!**kﬁ'*i!!!ll*llil’l‘ll‘lil*llllil‘lll!ll!l'l**

PRE-SM

o144
0153

e15%
0156

RSQ

227
«130

<160
«159

R

o477
361

«400
«398

F

T.616

1.630

7.198
Te.149

TEST OF THE FYPOTHESIS OF HOMOGENEITY OF REGRESSION

ANALYSIS OF COVARIANCE

1.645 WITH 8 AND 294 DEGREES OF FREEDOM.

li’lll****#.*i*!.l’*l!ﬁlllli!i'!’l*!!!ll!lli!!!.l!*l*lll*‘*l

SOURCE CF VARIATIGN

ADJ.

SS

OF

ADJe MS F

l*l!ll*il*.*l!'l!***’li!l!ll&’lll!’!!ll!!!l!l!ﬂlll*llll!l**l

REGRESSION
TREATMENT MEANS
HETEROGENEITY
OF REGRESSICN
ERROR

TOTAL

43,870

e 494

9935

221.979

2764,279

111
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8.
29%4.

311.

5.484 7.263
494 655

1.242 1.645
«755
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APPENDTX 10
STEPWISE REGRESSICN
1. Dependent Variable -- Post Comp.
Independent Variables Mult. R Mult. R2 Increase in R?
Pre Comp. 67 45 A5
Pre SMSG 4 .72 .51 .06
Pre Appl. .13 .53 .02
Days Abs. JTh 54 .01
Pre SMSG 1 JTh .55 0L
Pre Att 6 .75 .56 .01
2, Dependent Variable -- Post Appl.
Independent Variables Mult. R Mult., R2 Increase in R?
Pre Appl. .12 .51 Sl
Reading .Th o5k .03
Pre Att 2 .75 .56 .02
Pre SMSG 4 .76 57 0L
3. Dependent Variable -- Post SMSG 1
Independent Variablés Mult. R Mult. R2 Increase in R2
Pre Appl. 43 .18 .18
Pre SMSG 1 .50 25 07
Reading .53 .28 .03
Pre Att L .5k .29 .01
Pre Att 7 .56 .31 .02
4, Dependent Variable -- Prst SMSG 2
Independent Variables Mult. R Mult, R2 Increasge in R?
Pre SMSG 4 .30 .09 .09
Pre SMSG 2 .36 .13 Ol
Pre SMSG 3 1o .16 .03 i
I Q o)'l'3 018 ow
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5. Rep. Variable -- Post SMSG L

Independent Variables Mult. R Mult, R2 Increase in R2
Pre SMSG 4 U8 23 .23
g Reading .5k «29 .06
Pre SMSt: 1 .56 32 .03
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APPENDIX 11
, SAT Scale Score Gains -- Absentees vs. Non-absentees
Experimental Group
" - hsentees Absentees Difference Direction
-. 210 N = .30
3 Post-Computation 5.7T9 5.32
4 Pre-Computation 4,66 b1l
Gain 1.13 1.21 0.08 A>N
_ Post-Applications 5,86 6.00
1 ore-Applicstions 5042 5457
3 Gain 0. bk 0.33 0.11 A<N
Control Group
Non-absentees Absentees Difference Direction
; N = 110 N =12
Post-Computation 6,19 6.63
. Pre-Computation 4,68 4.55
Gain 1.81 2.08 .27 A>N
Post-Applications 6.29 6.20
Pie-Applications 5. 61 5e. .
Gain 0.65 0.46 .19 A<N

3 11k




